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PHYSIOLOGY 


THE REFLEX REGULATION OF THE ACTIVITY OF THE HEART 
IN FISHES 


COMMUNICATION I. REFLEX ACTION ON THE HEART FROM STIMULATION 


OF THE AFFERENT FIBERS OF THE MESENTERY AND INTESTINE 


I. M. Rodinov 


Department of Physiology of Animals (Head — Corresponding Member AN SSSR, 
Active Member AN Armenian SSR Prof, Kh. S. Koshtoyants) of the Faculty of 
Soil Biology of Moscow State University 


(Received May 29, 1958, Presented by Active Member AMN SSSR S. E. Severin) 


Fishes represent an object of exclusive interest for the study of the regulatory action of the vagus nerve on 
the heart. No similar object can be found among any other class of vertebrates, since the vagus nerve is the 
only pathway of effector innervation of the heart in fishes. Some authors consider that the sympathetic system 
in fishes is generally not connected to the heart [6-10]. We can at least take it for granted that this innerva- 
tion has no essential regulatory importance. Particularly convincing in this respect are the findings of V. A. 
Shidlovskii [5], who stimulated the cranial part of the sympathetic chain and observed merely an increase in the 
amplitude of the contractions of the sinus venosus without ‘any accompanying change in the rhythm and working 
of the remaining divisions of the heart. Bearing in mind that the leading division of the heart of the teleost 
fishes is situated not in the sinus but in the auricular canal of the atrium, these findings may be regarded as 
proof of the absence of any form of active sympathetic innervation of the heart in fishes. 


On the basis of findings demonstrating the presence of only one pathway of effector innervation of the 
heart in fishes, Skramlik [9] evolved a theory of nervous regulation of the cardiac activity of these animals. Ac- 
cording to this theory, the high “intrinsic automation” of the fishes’ heart is under the constant inhibiting tonic 
action of the vagus nerves. From this point of view, bilateral regulation of the rhythm of the heart is effected 
by means of changes in the intensity of the tonus. A quickening of the cardiac rhythm is the result of weakening 
of the specifically inhibitory influence of the vagus nerve. Direct experimental examination of Skramlik's 
theory does not confirm it. According to the experimental findings of B. S. Kulaev [1], division of the cardiac 
branches of the vagus nerves or isolation of the heart of a fish does not produce a quickening of its rhythm in the 
majority of experiments. Isolated cases of transient, brief quickening of the rhythm after division cannot be 
regarded as the result of abolition of the inhibitory tonus of the vagus nerves. 


A point of view of the regulatory role of the vagus nerves which differs in principle is that developed by 
M. G. Udel'nov and his co-workers [1-4]..These workers showed that the vagus nerve may bring about bilateral 
regulation of the action of the heart as a result of an active discharge of impulses. The development of an 
inhibitory or stimulatory effect is determined by the quantitative characteristics of the homogeneous effector 
impulses passing along the vagus nerve. These conclusions are based on findings obtained on a series of verte - 
brates, including fishes [1, 2]. It becomes necessary to discover in what way it is possible for the vagus nerve to 
act as universal regulator of the activity of the heart when the activity of the animal is reflex in nature. There 
are many findings which show that in this case the quantitative characteristics of stimulation of the efferent 
fibers play a very important role in determining the nature of the reflex response [1, 3]. 
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We set out to study the possibility of obtaining, by means of reflexes, dual effects — inhibitory and stimu- 
latory — on the heart of fishes, and of determining the characteristics of the afferent stimulation required to pro- 


duce either effect. We performed parallel experiments in order to test the conclusion of previous authors on the 
absence of inhibitory tonus of the vagus nerves. 


EXPERIMENTAL METHOD 


Experiments were carried out on different species of teleost fishes — pike, perch, roach, bream, burbot, 
crucian and sheat-fish. Forty acute experiments were performed. The fish were fixed on a board with its ven- 
tral region uppermost. The abdominal wall was opened by a transverse incision slightly below the bones of the 
shoulder girdle. Through a longitudinal incision along the midline, directed toward the head, the bones of the 
shoulder girdle were divided and partially removed. The heart, situated beneath them, was freed from the peri- 
cardium. The cardiac contractions were recorded by means of an Engelmann’s lever. In order to stimulate the 
me chanorece ptors of the intestine (Goltz's reflex), the peritoneal cavity was opened and the intestine extracted. 
The mechanoreceptors were stimulated by tugging on a ligature applied 5-7 cm distal to the beginning of the 
small intestine. In order to stimulate the individual nerve branches, the intestine was extracted from the peri- 
toneal cavity, stretched out and fixed to a speciai frame. The individual nerve trunks in the mesentery were 
dissected out and their central ends were then stimulated by an induction coil. Experiments in which the indi- 
vidual branches leading from the intestine were stimulated were carried out only on those species of fishes in 
which the mesentery was sufficiently well developed — the sheat-fish and burbot. 


EXPERIMENTAL RESULTS 


Experiments to study the properties of the Goltz reflex in fishes were carried out on pike and perch. In 
the pike the Goltz reflex was expressed mainly in the form of inhibition of the cardiac activity; a quickening of 
the heart's action developed only in comparatively rare cases. In the perch, on the other hand, stimulation of the 
mechanoreceptors of the intestine caused as a rule a quickening of the cardiac activity, and only in isolated ex- 
periments was the rhythm slowed (Fig. 1). The vagus nerve is the only pathway of effector innervation of the 
heart in fishes, and it may therefore be thought that both inhibitory and stimulatory effects observed in our ex- 


periments were brought about by means of the vagus nerves. The experiments did in fact show that after bilater- 
al division of the common vagus trunk in the branchial pouch, no reflex changes could be induced in the activity 
of the heart. 


We carried out experiments to study the afferent 
pathways of the Goltz reflex in fishes. The centripetal 
fibers of the intestine and stomach subjected to mechanical 
stimulation may take two paths; first, in the structure of 
the vagus nerve, and secondly, in the structure of the 
splanchnic nerve. The former pass directly to the medulla 
oblongata: the latter first enter the spinal cord and then 
ascend to the superior division of the central nervous sys- 
tem. By dividing the spinal cord we could exclude the in- 
fluences passing along the splanchnic nerve without disturb- 
ing the integrity of the reflex arc whose afferent and effer- 
ent parts were contained in the vagus nerve. The experi- 
ments showed that division of the spinal cord between 

Fig. 1. Changes in the rhythm of the heart vertebrae III and IV and between IV and V made it im- 

in fishes during stimulation of the mechano- possible to obtain reflex responses from the heart to stimula- 
receptors of the intestine. a) Quickening of tion of the intestine (Fig. 2). These findings showed that 

the heart beat in an experiment on the the afferent pathway of the reflex on the heart elicited by 
perch; b) inhibition of the heart beat in an stimulation of the intestinal receptors take a course in the 
experiment on the pike. structure of the splanchnic nerve. 


We were thus able to see that both stimulatory and 
inhibitory reflex effects on the heart could be obtained 
from the same receptive field. The necessity arose of ascertaining the distinctive features of afferent stimulation 
that could lead to the appearance of heterogeneous reflex responses. On the basis of the experimental findings of 
M. G. Udel'nov [3] and B. S. Kulaev [2], showing that the frequency and the strength of stimulation or the number 
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Fig. 2. Experiment on the pike. Dis- 
appearance of the reflex response of 

the heart to stimulation of the mechano- 
receptors of the intestine after sec- 

tion of the spinal cord between ver- 
tebrae III and IV. a) Original! reflex; 

b) after section the changes in the rhythm 
of the heart are absent. 


Fig. 3. Experiment on the sheat-fish. 
Stimulation of the same branch of the 
splanchnic nerve in the mesentery with 
different strengths (coil distance 25 and 
27 cm) elicits opposite changes in the 
rhythm of the contractions of the heart. 
Significance of the curves (from above 
down): mechanogram of the heart, 
stimulus marker, time marker (5 sec ). 


of active afferent fibers may be the deciding factor of the 
eventual reflex response, we performed experiments to deter- 
mine the role of the intensity of afferent stimulation in the 
production of heterogeneous reflex responses of the heart. It 

is difficult to regulate the degree of mechanical stretching of 
the intestine with accuracy, and we accordingly used electri- 
cal stimulation of the individual branches of the splanchnic 
nerve in the mesentery. In a series of experiments we succeed- 
ed in discovering a relationship between the strength of stimu- 
lation of these branches and the character of the reflex response: 
quickening appeared as the result of relatively weak stimuli, 
and in response to stronger stimuli inhibition of the activity of 
the heart was observed. The result of one of these experiments 
are given in Fig. 3. 


The information given suggests that as a result of 
reflexes acting through the vagus nerves, the only pathway of 
effector innervation of the heart in fishes, both inhibitory and 
stimulatory effects may be obtained. It was thought to be very 
important to satisfy outselves once again of the absence of an 
inhibitory tonus acting on the heart in fishes, and to confirm 
in this way the active character of the influences causing in- 
hibition and quickening of the rhythm of the heart. For this 
purpose we carried out 13 experiments on different species of 
fish (pike, perch, roach, bream, crucian and sheat-fish) and 
studied the changes in the rhythm of the heart after complete 
isolation of the organ. These experiments fully confirmed the 
conclusions of the authors who had previously studied this 
question [1]. In only one experiment was quickening of the 
thythm observed after isolation; in two cases there was a tem- 
porary quickening, transient in character, and in the remain- 
der either no changes were generally observed or the rhythm 
became slower. 


These results clearly indicate the absence of an in- 
hibitory tonus affecting the heart in fishes. Both quickening 
and inhibition of cardiac activity are therefore the result of 
active influences passing along the vagus nerve to the cardiac 
muscle. This dual response of the heart is also observed in re- 


sponse to reflex stimulation, and in this case, moreover, both may be obtained from the same receptor field. 


The author studied the reflex control of the fish heart which has only one path of effector innervation, 


The factor which determines the character of the response in any given case is the strength of afferent stimulation. 


SUMMARY 


viz., the vagus nerves. Literature and personal data show that inhibitory tone in the heart is absent in fish. In 
stimulating intestinal receptors there appears, depending upon the strength of the afferent stimulation, inhibition 


or accleration of the cardiac activity. 


Hence both effects may be considered as the result of an active impulse of the vagus nerve on the 


heart. 
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REFLEXES FROM THE RECEPTORS OF THE URINARY SYSTEM ON 
THE VOLUME OF BLOOD PRESENT IN THE SPLEEN 


I. P. Krichevskaya 


From the Department of Normal Physiology (Head — Prof. A. P. Polosukhin) of the 
Kazakh State Medical Institute, Alma-Ata 


(Received July 22, 1958. Presented by Active Member AMN SSR V. V. Parin) 


One of the main tasks in the study of the reservoir function of the spleen is the investigation of the nervous 
regulation of this function. 


A considerable amount of research has been done on the study of the reaction of the spleen as a reservoir 
of blood to stimulation of various nerves by the action of pain, temperature and other agents. 


The development of the exteroceptive regulation of the reservoir function of the spleen in ontogenesis has 
been studied in detail [10]. The role of the cerebral cortex in the regulation of the volume of the spleen has 
been established [2, 4, 10]. 


The reservoir function of the spleen is intimately connected with other organs, and above all with the 
circulatory system [6]. 


In some of the more recent papers by foreign workers [15, 17] it is asserted that during contraction of the 
spleen vasoactive substances, affecting the level of the arterial pressure, are secreted into the blood stream. This 
research, involving the injection of various sympathomimetic drugs into the splenic artery, is not sufficiently 
convincing, since it does not take into consideration the possibility of stimulation of the receptors of the spleen, 
first discovered by V. N. Chernigovskii [13], and of the reflex action from these receptors on the arterial pressure. 


Insufficient attention has been paid to the interoceptive regulation of the blood content of the spleen; the 
only reflexes which are known to affect the spleen arise from receptors in the carotid sinus [16, 10] and the 
vessels of the lungs [9]. 


We have found no details in the literature of changes in the blood volume of the spleen in response to 
stimulation of the interoceptors of organs of the peritoneal cavity, and in particular of the urinary system. 


Reflex effects are nevertheless known from the receptors of the urinary bladder on several functions [14, 12, 
5 3, 1, 11). There are also reports of the presence of pressure receptors in the renal vessels and the renal pelves 
(5, 7, 8, 12). 


The aim of the present research was to study the influence of impulses from the mechanoreceptors of the 
organs of the urinary system (kidneys, renal pelves, urinary bladder) on the degree of filling of the spleen with 
blood. 


EXPERIMENTAL METHOD 


Experiments were carried out on 18 dogs under morphine -hexobarbital anesthesia. In all the experiments 
simultaneous recordings were made of the pressure within the carotid artery, by means of a mercury manometer, 
respiration, and the volume of the spleen (by means of an oncograph connected to a Marey’s capsule). 


Stimulation of the mechanorecptors of the urinary bladder and of the renal pelves was carried out by an 
injecting warm (37°) physiological saline into the lumen of these organs, and the pressure thus created was mea- 


4 

% 

5 

wig 657 


sured by a mercury manometer included in the system. Stimulation of the vascular receptors of the kidneys 
was acheived by temporary engorgement of the kidneys with blood as the result of the application of a clamp to 
the renal veins. 


EXPERIMENTAL RESULTS 


The effect of stimulation of the mechanoreceptors of the urinary bladder on the volume of the spleen 
was investigated in 48 experiments (on 17 dogs). A varying volume of physiological saline (80-300 ml) was 
introduced into the lumen of the bladder, under a pressure of 30 to 80 mm of mercury. 


In 24 cases stimulation of the receptors of the urinary bladder led to an increase in the arterial pressure, 
although from time to time, after a preliminary fall; in 9 cases the pressure was lowered, and finally, in 15 
cases there were no marked changes in the pressure, and only a reduction in the amplitude of the pulse waves 


was observed. 


G. N. Aronova [1] has pointed out a relationship between the reaction of the arterial pressure and the 
position of the urinary bladder. In her experiments stimulation of the receptors of the urinary bladder when 
situated outside the peritoneal cavity caused a rise in the arterial pressure; if the organ was within the perito- 
neal cavity, stimulation of its receptors led to an insignificant rise or to a fall in the pressure. 


We were unable to confirm this relationship. Our findings agreed with those of M.I. Kokhanina [5], who 
usually observed a fall in the arterial pressure in response to the introduction of a small volume of physiological 
saline into the urinary bladder, and usually a rise in the pressure when a larger increase in the intravesical 
pressure was produced. 


In the majority of our experiments the introduction of fluid into the urinary bladder led to contraction of 
the spleen (33 observations), although in 11 cases, after a brief contraction, a dilatation of the spleen took place, 
sometimes considerable. In 7 cases dilatation of the spleen was observed without preliminary contraction, and 
in 8 no reaction was present. 


The respiration was variously affected: usually there was a slowing of the respiratory movements, some- 
times a quickening, and in some cases there was no change. 


After introduction of 80 ml of physiological saline into the lumen of the urinary bladder (Fig. 1, a) a re- 
duction in the amplitude of the pulse waves was observed. The spleen was slightly contracted, then became 
dilated, and rhythmic waves appeared. The respiration was unaffected. 


In the same experiment, when 200 ml of physiological saline was introduced into the urinary bladder 
(Fig. 1, b), an insignificant and brief fall in the arterial pressure and a simultaneous reduction in the amplitude 
of the pulse waves were produced. Respiration was slowed. The spleen contracted, and its volume then began 
to increase, and 30 seconds after cessation of stimulation it began to contract once more. After a minutes 
the volume of the spleen reached its original value. 


In 44 observations on 15 dogs we studied the interoceptive effects on the spleen arising from the pressure 
receptors of the renal vessels after interruption of the blood flow through them by clamping the renal veins. 


In the majority of the experiments (23) a fall in the arterial pressure was observed, in 16 the pressure rose 
and in 5 it remained unchanged. Contraction of the spleen was observed in 28 experiments, in 7 dilatation took 
place and in 9 there was no change in the blood volume of the spleen. Respiration was variously affected. 


Temporary interruption of the blood flow through the renal veins (Fig. 2, a) led to a fall in the arterial 
pressure, although after the stimulus was discontinued the pressure rose above its original value. The amplitude 
of the respiratory excursions was diminished. A “biphasic” contraction of the spleen took place. 


In another observation clamping of the renal veins (Fig. 2, b) caused a moderate rise in the pressure in 
the carotid artery. The respiratory movements were slightly increased, after which a brief arrest of breathing 
ensued. The volume of the spleen was reduced. 


A decrease in the volume of the spleen was observed both in association with a rise and a fall in the 
arterial pressure. 


In 27 observations (on 12 dogs), physiological saline, warmed to 37°, was introduced into the renal pelves 
through the ureters. The pressure in the renal pelves was increased to 100-200 mm of mercury. 
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Fig. 1. Changes in the volume of the spleen after introduction of 80 ml (a) and 200 ml (b) 
of physiological saline into the urinary bladder. Significance of the curves (from above 

down): 1) pressure in the carotid artery; 2) oncogram of the spleen; 3) zero line of the 
mercury manometer; 4) respiration; 5) stimulation marker; 6) time marker (5 seconds). 


Fig. 2 Changes in the blood volume of the Fig. 3. Changes in the volume of the spleen after 
spleen after clamping the renal veins. a) introduction of physiological saline into the renal 
Witha fall in the arterial pressure; b) with pelves. a) At a pressure of 120 mm of mercury; 

a rise in the arterial pressure in the carotid b) at a pressure of 200 mm of mercury. Legend as 
artery. Legend as in Fig. 1. in Fig. 1. 


The arterial pressure was variously affected and in more than half the cases only slightly, Usually (18 
cases) the spleen was contracted, in 4 observations it was dilated and in 5 there was no change in its size. 


It may be seen from Fig. 3, a that stimulation of the receptors of the renal pelves at a pressure of 120 
mm of mercury elicited no changes in the arterial pressure. Only a slight increase in the amplitude of the 


pulse waves was observed. Respiration also was unchanged. The spleen gradually underwent a rhythmic dila- 
tion. 


Stretching the renal pelves with a pressure of 220 mm of mercury led to an insignificant rise in the blood 
pressure and to a brief, moderate contraction of the spleen (Fig. 3, b). 


The experiments showed that stimulation of the interoceptors of the organs of the urinary system elicited, 
in the overwhelming majority of cases, obvious changes in the blood volume of the spleen. 


The changes arose rapidly and could be regarded as reflex. In some cases a reaction of the spleen to 
stimulation of the receptots of the urinary organs was observed in the total absence of changes in the arterial 
pressure, Contraction of the spleen, as also its dilation, took place in some cases in association with an in- 
crease in the arterial pressure and in others with a fall in the pressure, 
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On the other hand the volume of the spleen sometimes remained unchanged in spite of the changes in 
the arterial pressure. Often an increase in the amplitude of the rhythmic waves of the spleen was observed 


which, in V. V. Parin's opinion [9], is a reflection of the functional changes in the state of the vegetative ner- 
vous system. © 


SUMMARY 


Acute experiments were performed on dogs. The author studied the effect of stimulation from the re- 
ceptors of the urinary system (kidneys, pelvis, urinary bladder) on the intensity of blood accumulation in the 
spleen. The data obtained demonstrate the presence of interoceptive influence from the above receptors on 
blood deposition in the spleen, thus confirming the existence of complicated reflex associations between inter- 
nal organs. 


(1) 
[2] 
[3] 
[4] 
(5) 
(6) 
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[9] 
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ADAPTATION OF INTEROCEPTORS 


COMMUNICATION II. RESTORATION OF THE FUNCTIONAL PROPERTIES OF THE INTEROCEPTORS 
OF THE URINARY BALDDER AFTER THE REMOVAL OF A LONG-ACTING STIMULUS 


V. G. Boksha 


From the Institute of Normal and Pathological Physiology (Director — Active 
Member AMN SSSR V. N. Chernigovskii) of the AMN SSSR, Moscow 


(Received June 15, 1956. Presented by Active Member AMN SSSR, V. N. Chernigovskil) , 


In a previous communication [3] it was shown that certain changes take place in the afferent impulsation in 
the pelvic nerve in response to prolonged distension of the urinary bladder,i.e., to prolonged stimulation of its 
interoceptors. Distension of the urinary bladder with fluid elicits an increase in the intensity of the impulses 
which goes parallel with the increase in intravesical pressure. After reaching a definite level (170-220 mm H,O), 
the intravesical pressure was maintained at this level for a long time. The impulsation gradually became weak- 
er: at first its amplitude decreased, then its rate became slower, Finally the impulses ceased althougher, an 
expression of the complete adaption of the interoceptors. The adaptationtime of the interoceptors was 20-60 
minutes. 


The aim of the present communication was to demonstrate the process of emergence of the interoceptors 
of the urinary bladder from the condition of adaptation and the restoration of their original properties after the 
removal of a long-acting stimulus — a high intravesical pressure. 


EXPERIMENTAL MEHOD 


Experiments were carried out on decerebrated cats or on cats under intravenous urethane anesthesia. After 
the abdomen had been opened. two cannulae were introduced into the wall of the urinary bladder, Through one 
of these warm physiological saline was introduced into the bladder under a definite pressure. The other cannula 
was connected to a water manometer in order to record the intravesical pressure on a kymograph. So that the 
intravesical pressure could be maintained at a high level, the urethra was ligated. After adaptation of the recep- 
tors had been produced, the bladder was emptied artifically through the first cannula. Impulses were taken by 
means of silver electrodes from the peripheral segment of the pelvic nerve. The animal was placed in a screened 
chamber. Registration of the electric potentials was carried out by means of a double cathode -ray oscillograph 
with an amplifier. 


EXPERIMENTAL RESULTS 


After adaptation of the interoceptors had been produced, as shown by the disappearance of impulsation in 
the peripheral segment of the pelvic nerve (Figs. 1 and 2, a), the filling of the bladder was discontinued and ar- 
tificial emptying was started, The intravesical pressure fell accordingly. The fall in the intravesical pressure 
did not itself cause a flow of impulses (Figs. 1 and 2, c), but the slightest rise in pressure after it had fallen im- 
mediately caused impulses to appear in the nerve (Figs. 1 and 2, b), The greater this rise in pressure, the more 
intensive the series of impulses which it caused. 


After completely emptying the bladder, we again introduced fluid into it. The filling took place either 
immediately after emptying or after a short interval had elapsed, the length of which varied in the different 
experiments. The duration of the interval varied from 4 to 29 minutes. 
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In all cases impulses appeared in the pelvic nerve in response to 
refilling of the bladder. The character of the impulsation did not differ 
from that in the first cycle: it also was intensified parallel with the in- 
crease in the intravesical pressure, and it then gradually died away, i.e., 
adaptation of the receptors developed once more (Figs. 1 and 2, d, e,f,). 
However, the time of appearance of adaptation in the second cycle de- 
pended on the interval of time which had elapsed between the emptying 
of the bladder and the refilling. The following findings will serve as an 
example. In the first cycle adaptation of the interoceptors was attained 

Fig. 1. Registration of the intra - in 54 minutes. In the second cycle, after an interval of 7 minutes, 
vesical pressure at the time ofits adaptation took place in 22 minutes. After an interval of half a minute, 
fall and during filling of the uri- adaptation took place in 1} minutes. The shorter the time available to 
nary bladder.a second time. Signi- the adapted receptors for recovery, the sooner did they become adapted 
ficance of the curves (from above in response to repeated and prolonged stimulation. Experiments showed 
down): record of the intravesical that when the interval between the cycles was 18-20 minutes, the time 
pressure, time marker (1 second), of adaptation to repeated, prolonged stimulation of the interoceptors of 
marker of the thoment of picking the urinary bladder equaled the time of adaptation in the first cycle. 
up impulses. In these experiments, therefore, 18-20 minutes represented the interval 
of time required by the receptors, emerging from their state of adapta - 
tion, to regain their original physiological condition. 


The resuits obtained demonstrated that when studying adaptation of receptors it is essential to take into 
consideration not only their ability to restore the flow of impulses after cessation of prolonged stimulation in re - 
sponse to a new stimulus, but also their ability to maintain this flow of impulses for a long time, i.e., to regain 
their original rate of adaptation. 


Whereas the ability to restore the flow of impulses in response to a new stimulus appears immediately 
after cessation of prolonged stimulation, the ability to maintain this flow of impulses for a long time, and to re- 
store the original rate of adaptation appears significantly more slowly. 


The rapid recovery of the ability to give a flow of impulses in response to a new stimulus after the remov- 
al of a long-acting stimulus cannot be used as the only criterion of complete recovery of the reactive properties 
of the receptors. In order to be able to judge the rate of restoration of these properties of the receptors it is 


3 


Fig. 2. Registration of impulses from the peripheral segment of the pelvic nerve at the 
moment of attainment of adaptation of the receptors a), during a fall in the intravesi- 
cal pressure b), during a slight rise in the pressurec) and during refilling of the urinary 
bladder (d, e, f). Significance of the curves (from above down): impulses in the peri- 
pheral segment of the pelvic nerve, time marker (0.05 second). 
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necessary to take into consideration the time after which the original rate of adaptation of the receptors is 


restored, 


The findings described in this paper are in agreement with the results obtained by many workers (6, 7, 8, 
9) who have studied the adaptation of the pressure receptors of the skin and of the proprioceptors. The researches 
of these authors showed that adaptation takes place very rapidly (in one second) after the cessation of stimulation, 
aud that the ability to maintain the flow of impulses at a high level is restored more slowly. These authors do 
not, however, indicate how long it takes for this power to be restored. In our research we have shown that the 
ability to maintain for a long time the flow of impulses, or in other words to restore the original rate of adap- 
tation, appears 18-20 minutes after cessation of the stimulation. 


This is evidently also the time necessary for restoration of the original physiological state of the receptors 
of the urinary bladder. 


So far as the rate of adaptation is concerned, many authors (4, 5, 6, 7, 8, 9, 10, 11] have indicated that 
this varies for different receptors. Here we must take into consideration the view that the receptors of each or- 
gan have their own specific peculiarities, depending on the function performed by the particular organ [1, 2, 6). 
The receptors of the urinary bladder, according to Stella [10], become adapted very slowly. According to 
Talaat's findings [11], adaptation developed after 20 minutes. In our experiments [3] the time of adaptation 
varied from 25 to 60 minutes. 


Our investigations thus showed that, on the one hand, the interoce ptors of the urinary bladder obey the 
general rules characterizing the process of adaptation in receptors; on the other hand, they have their own 
characteristic features, and in particular, their time of adaptation, which is influenced by the distinctive features 
of the function of the urinary bladder. This evidently constitutes one of the forms of adaptation of this organ to 
the particular conditions of its activity. 


SUMMARY 


Experiments were conducted on decerebrated cats with the aid of oscillographic methods, Disappearance 
of impulsation in the pelvic nerve served as criterion of adaptation of the receptors when the latter were stimu- 
lated by filling the urinary bladder with physiological saline solution. After evacuation of the fluid from the 
urinary bladder, the receptors lose their adaptation immediately and begin to respond to the new stimulus. The 
less the time given to the adapted receptors “to rest" the sooner their adaptation in repeated stimulation. The 
initial rate of adaptation is restored in 18-20 minutes. 


Rapid restoration of the ability to respond by impulsation to repeated stimulation cannot serve as the only 
criterion of complete restoration of the physiological functions of the receptors. When assessing the restoration 
rate of the physiological function of the receptors one should take account of the time after which the initial 
rate of adaptatio1. is restored, 
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CHANGES IN THE REFLEX VARIATIONS OF ARTERIAL PRESSURE 


AND RESPIRATION DURING INDUCTION OF HYPOTHERMIA BY 


VARIOUS METHODS 


N. V. Klykov 


From the Department of Normal Physiology (Head — Prof. P. M. Starkov) of 
the Kuban Medical Institute, Krasnodar 


(Received January 16, 1958. Presented by Active Member AMN SSSR V.N. 
Che rnigovskii) 


Overcooling of the body of a warm-blooded animal leads to a gradual exclusion of the functions of the 
central nervous system, beginning with the cerebral cortex. The functions of the vitally important bulbar cen- 
ters are preserved until deep hypothermia is produced. and are then excluded in order of sequence [3 10}. 


We showed in a previous paper [4] that the reflex excitation of the vasomotor centers indecerebrated and 
decapitated cats, when subjected to cooling in the usual way by means of cold packs, is preserved even at a body 
temperature of 20°. 


There is sufficient information in the literature [8, 9, 11] on the changes in the reflex variations of the 
arterial pressure and respiration during the devopment of hypothermia by external cooling, whereas in the case 
of other methods of cooling, and in particular of extracorporeal cooling of the blood and direct cooling of the 
head, this question has received insufficient study. 


We have previously shown [5] that the method of extracorporeal cooling of the blood is comparatively 
suitable for induction of hypothermia. This method causes hardly any shivering and requires lighter anesthesia 
than does external cooling. The latter feature is evidently associated with the absence of the direct action of 
cold on the receptors of the skin, for the perception of cold by the interoceptors is considerably more weakly 
expressed. 


During cooling of the brain by means of cooling the blood in the carotid artery or through the external 
coverings of the head a more profound fall in the temperature of the brain by comparison with the rectal tem- 
perature is observed, which is of great importance in heart surgery, since the comparatively high body tempera- 
ture protects the heart against the development of ventricular fibrillation due to cold [5, 6). 


The object of the present research was to make a comparative study of the changes in the reflex variations 
in respiration and arterial pressure during induction of hypothermia by the methods mentioned above. 


EXPERIMENTAL METHOD 


Twenty-four experiments were carried out on cats. General hypothermia of the animals (10 experiments) 
was induced by cooling the venous blood. 


Previously heparinized blood was taken from the superior vena cava through a catheter inserted through the 
jugular vein, and by means of a special pump it was forced through the coiled cooling tube and injected into the 


femoral vein. 


In 9 experiments the brain was cooled directly, for which purpose blood taken from the common carotid 
artery was cooled in the coiled tube and reinjected into the cranial end of the same artery. 
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Fig. 1. Reflex reactions of the arterial pressure and respiration in response to stimulation of 
the central cut end of the vagus nerve by an induction current during extracorporeal cooling 
of the blood and subsequent warming of the animal. Significance of the curves (from above 
down); respiration, arterial pressure, zero line, stimulus marker (distance between induction 
coils 20 cm); time marker (5 seconds) 


Fig. 2. Reflex reactions of the arterial pressure and respiration in response to stimulation of 
the central cut end of the sciatic nerve with an induction current during cooling of the brain 
by means of cooling the blood in the carotid artery and during the subsequent restoration of 
its temperature. (Experiments on February 4, 1956 on a cat weighing 2.5 kg.) Significance 
of the curves (from above down): respiration, arterial pressure, zero line, stimulation mark- 
er time marker (5 seconds). 


In 5 experiments the head was cooled directly through its outer coverings, for which purpose we used 4 
cold blanket in which the animal's lead was wrapped. As a preliminary measure the hair was throughly shaved 
from the head. 
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TABLE 1 


Changes in the Threshold of the Reflex Variations in the Arterial Pressure during Hypo- 
thermia Induced by Cooling of the Venous Blood (mean of 10 experiments) 


Cooling Warming 


Rectal temperature 
30° 25° 25° 30° 34° 37° 


Threshold (in cm on the 
scale of the induction ° 26.7 22.4 18.1 22.9 27.4 29.1 27.0 


coil) 


TABLE 2 
Cooling of the Brain by Means of Cooling the Arterial Blood (mean of 9 experiments) 


Temperature in the middle layers of the brain | 36° | 34° | 30° | 25° | 20° 


Threshold (in cm of the scale of the induction | 30.2 | 26.6 | 26.6 | 24.5 | 20.7 
coil) 


TABLE 3 
Cooling of the Head through Its Outer Coverings (mean of 5 experiments) 


Cooling Warming 


Temperature in the middle layers of 


? ° ° 
the brain 36 30 a 25 30 33 


Threshold (in cm of the scale of the 
induction coil) 27 26.8 25 | 23.4 | 23.6 | 24.7 | 27.2 


The arterial pressure was recorded by a mercury manometer in the common carotid artery, and respiration 
by means of a Marey's capsule connected to the trachea through a four-way tube. 


In all the experiments the body temperature was measured rectally be means of a mercury thermometer at 
a depth of about 8 cm. In the experiments with a direct cooling of the brain the temperature was measured with 
a copper-constantan thermocouple introduced through a narrow hole in the skull into the middle layers of the 


brain. 
Restoration of the body temperature and of the functions of the cooled animals was brought about by warm- 


ing the blood as well as by external heating with an electric blanket applied to the animal's body. The induction 
of hypothermia was accompanied by the use of ether anesthesia. 


Reflex variations in the arterial pressure and respiration were produced by stimulation of the central cut 
ends of the sciatic and the right vagus nerves with an induction current from a movable induction coil. A voltage 


of 4v was applied to the primary coil. 


EXPERIMENTAL RESULTS 


The threshold of the reflex variations in arterial pressure in response to stimulation of the sciatic nerve 
when various methods of induction of hypothermia were used increased with the fall in temperature (Tables 1-2). 
At the same time there was a decrease in the magnitude of the reflex variations of arterial pressure, This was 
evidence of a fall in the reflex excitation and of the development of inhibition in the bulbar centers, The excita- 
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tion of the vasomotor and respiratory centers was preserved, however, even when the temperature of the body or 
brain was 20° (Figs. 1, 2). 


Stimulation of the central cut end of the vagus nerve during the development of hypothermia led to inhi- 
bition of respiration, which was a reflection of the decrease in lability and development of inhibition in the res- 
piratory center. In Fig. 1, for instance, it may be seen that the fall in the body temperature led to a transient 
hoiding of the breath at the moment of stimulation. The holding of the breath was preceded by deepening of 
inspiration and expiration. With the fall in the temperature of the body the changes in respiration were increased, 
and at the end of the period of hypothermia they were particularly pronounced. 


At the time of warming of the animal the threshold of reflex reactions of the arterial pressure and respira- 
tion in response to stimulation of the sciatic nerve, and also the character of their reflex effects in response to 
stimulation of the vagus nerve were restored, which indicated the restoration of the normal excitation of the 
bulbar centers. During warming of the body to a temperature of over 35°, the excitation sometimes fell slightly 
once again. This was associated with the unfavorable influence of further active warming of the animals [1, 3, 
7). 


The findings described thus showed that when hypothermia was produced in different ways, the character 
of the changes observed in the reflex excitation of the bulbar centers was identical and consisted of a lowering 
of the excitation. This wa: maintained until] a deep stage of hypothermia was produced. 


The lowering of reflex excitation reflected the development of inhibition in these centers. The latter was 
shown by the fall in their faradic excitation, by the falling off in the magnitude of the reactions of the arterial 
pressure and by the tendency of the respiration to become weaker and to stop during stimulation of the vagus 
nerve. Under these circumstances phasic states in the activity of the respiratory center were often observed: 
inhibition directly after excitation, 


The reflex excitation of the respiratory center was, however, preserved until lethal stages of hypothermia. 
This finding is in agreement with those of P. M. Starkov [9, 11] and also of I. G. Varman [2], who observed a 
reflex reaction of respiration to the extent of its cessation in lethal stages of general hypothermia in cats and 
dogs induced by means of external cooling. 


The almost equal magnitude of the change in the threshold of reflex excitation of the vasomotor center 
both during general hypothermia with extracorporeal cooling of the blood and during direct cooling of the brain 
with cold blood showed the importance of the temperature factor for the state of excitation of this particular 
center. So far as the slightly more pronounced variation in the arterial pressure at a low temperature during 
direct cooling of the brain is concerned, by comparison with general cooling of the animal, this may have de- 
pended on the higher general level of the arterial pressure. 


This high level was due to the presence of a higher temperature in the remaining of the body [5] and to 
the preservation of high excitation of the spinal vasomotor centers, which are of definite importance in the regu- 
lation of the circulation of the blood during hypothermia, and retain their excitation to a body temperature of 
20° in decapitated cats [4]. 


Correct warming of the cooled animal and increasing the temperature of the brain had a favorable influ- 
ence on the restoration of the reflex excitation of the respiratory and vasomotor centers. 


SUMMARY 


Experiments were performed on 24 cats. The authors studied variations of the arterial blood pressure and 
respiration obtained by extracorporeal cooling of the blood pumped from the superior vena cava into the femoral 
vein and by direct overcooling of the head through the skin surface or by cooling the blood in the carotid artery. 


Hypothermia induced by any method would cause a gradual increase of the threshold of faradic excitability 
of the vasomotor center, decrease in the fluctuation range of the arterial blood pressure, and also intensify 
the inhibition of the respiratory center in stimulatiag the vagus nerve. This points to the reduction of the reflex 
excitability and development of the parabiotic inhibition in these centers However, their excitability was still 
preserved at the body and brain temperature of about 20°C. Warming of an overcooled body restored the excita- 
bility of the centers. 
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Many workers have studied the reactions after the injection of various chemical irritants into the blood 
stream, 


Heger [10] and Pagano [11] first expressed the idea of a reflex mechanism of these reactions. G. P. Kon- 
radi [6] described the peculiarities of the changes in the blood pressure after the injection of hypertonic sodium 
chloride solutions into an artery and showed that peripheral mechanisms of maintenance of vascular tone were 
concerned in the production of these reactions. 


A. G. Bukhtiyarov [2], studying thse problems at a later date, observed different reactions after the intra- 
arterial and intravenous injection of hypertonic solutions of sodium chloride and of other substances, and came to 
the conclusion that the increase in the blood pressure under these circumstances was connected with the stimula- 
tion of receptors situated in the arterial trunks. 


We have shown [8] that the increase of pressure after injection of certain chemical irritants into peripheral 
arteries is connected with the stimulation of the peripheral vascular network, and probably with the tissue recep- 
tors. These findings were confirmed by other workers [3, 4]. 


More complex are the changes in the blood pressure arising after the intravenous injection of hypertonic 
solutions. Several workers [1,2, 3, 4 8] have observed a fall in the blood pressure after the intravenous injection 
of sodium chloride and glucose. 


Under these circumstances the possibilities for the deciphering of the complex reaction arising after the 
intravenous injection of hypertonic solutions have been widened by the establishment of the regular features of 
the sequence of changes in the blood pressure [8]. 


EXPERIMENTAL METHOD 
Experiments were performed on dogs of various weights and ages (70 animals). 
Chloralose, morphine -ether-oxygen and sodium amytal anesthesia were used. 


Direct synchronous registration of the hemodynamic mechanisms was carried out on a Brodie -Starling 
electrokymograph with a multichannel water-mercury manometer, by means of catheterization of the main 
vessels and the chambers of the heart. 


Catheterization of the cardiovascular system was also used for applying the stimuli to the various re- 
flexogenic zones, Catheters were introduced into the pulmonary artery, the right heart and the venae cavae 
through the right external jugular and femoral veins, and into the arterial part of the greater circulation and 
the left ventricle of the heart ~ through the left carotid and femoral arteries. Heparin was injected intravenous- 
ly (25 i. u./kg) before introduction of the catheters. The position of the catheters was determined by the level 
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Fig. 1. Changes in the blood pressure 
and respiration after the intravenous in- 
jection of 20 ml of 40% glucose solution 
(chloralose anesthesia). Significance of 
the curves (from above down); respira - 
tion; blood pressure in the femoral artery 
(membrane manometer); blood pressure 
in the femoral artery in mm Hg; venous 
return from the limb; central venous 
pressure in mm of water; pressure in the 
pulmonary artery in mm Hg; injection 
marker; time marker (5 seconds). 


Fig. 2. Changes in the blood 
pressure after injection of 5 ml 
of 40% glucose solution into the 
perfusate of a lobe of the lung 
isolated in respect to its blood 
vessels. Significance of the 
curves (from above down): pres- 
sure of the input into the perfused 
circulation in mm of water; pres- 
sure in the femoral artery (mem- 
brane manometer); pressure of the 
autflew from the perfused circu - 
lation in mm of water; pressure 
in the femoral artery in mm Hg; 
pressure in the pulmonary artery 
in mm Hg; injection marker; time 
marker (5 seconds). 


Fig. 3. Scheme of formation of the reaction. Phases of the successive 
changes in the arterial pressure in the systemic (lower scale) and pulmonary 
(upper scale) circulations after the intravenous injection of hypertonic solu - 
tions 1), injection into the right ventricle of the heart 2), into the left ven- 
tricle of the heart and aorta 3), into the arterial trunks 4), and into the peri- 
pheral vascular network 5).The circulation is shown in diagrammatic form 


below. 


4 40 
SIS 


4 
— 


of the blood pressure, the character of the pulse and respiratory waves, and so on. At the end of the experiment 
the situation of the catheters was verified by postmortem examination. 


Perfusion of a limb, isolated in respect to its blood vessels but retaining its nervous connections with the 
rest of the animal's body, was performed by V, N. Chernigovskii's method, and perfusion of a lobe of the lung, 
also isolated in respect to its blood vessels but retaining its nerve connections with the body, was carried out with 
venous biood from the peripheral end of the femoral vein. Blood from the vein of the perfused lobe of the lung 
flowed into the central end of the femoral vein. In another variant perfusion of the lobe of the lung was carried 
out with blood from the pulmonary artery of another dog, the blood then passing into the left atrium of the latter 
animal. 


EXPERIMENTAL RESULTS 


The multiphase changes in the blood pressure after intravenous injection of glucose, as was shown previ- 
ously [8], follow a perfectly regular sequence. 


In response to the rapid injection of 10-20 ml of 40% glucose solution or of 5-10 ml of a 12-20% sodium 
chloride solution into the femoral or external jugular vein, the arterial pressure at first changed in the form of a 
three -phase, pressor -depressor - pressor wave, then fell and again rose above its original level (Fig. 1). Clearly defined 
experimental conditions, rapid injection of the irritant and a satisfactory condition of the animal under even 
anesthesia ensured the constancy of this reaction. 


The production of the first pressor wave could be explained by the increase in the inflow to the heart on 
account of the injection, and probably by reflex changes to the increased filling of the venae cavae. This wave 
was reproduced by injection of an isotonic solution of sodium chloride, although in some experiments the in- 
crease in blood pressure was usually slightly less than after injection of hypertonic solutions. 


Of particular interest was the sharp and brief fall in the blood pressure following the first pressor wave (the 
depressor wave), arising as a result of stimulation of the receptors of the lesser circulation. 


Under these circumstances respiration was arrested as a rule in expiration and the activity of the heart was 
greatly retarded. 


The depressor peak was absent after injection of hypertonic solutions into the “shunt” of the pulmonary 
circulation, i.e., by injecting through the catheter in the left ventricle of the heart and the ascending aorta. In 
these conditions the reaction began only with the second pressor wave, and the later sequence of changes in the 
blood pressure was preserved. 


The depressor reaction with retardation of the activity of the heart and arrest of respiration in expiration 
was observed not only after injection of hypertonic solutions into the vessels of the pulmonary circulation, but 
also after their injection through the catheter into the bronchial vascular network. 


It might be assumed that the tissue receptors of the lungs were of furidamental importance in the mechan- 
ism of this reaction. The injection of hypertonic solutions into the vessels of the perfused lobe of the lung with 
its nervous connections intact, also led to a depressor reaction in the systemic circulation of the animal (Fig. 2). 


The reflex retardation of the cardiac activity and arrest of respiration in expiration in response to stimula - 
tion of the receptors of the pulmonary circulation with hypertonic solutions were brought about by participation 
of the vagus nerves. After bilateral division of the vagus nerves in the neck these components of the reaction 
were absent, whereas in the majority of the experiments the depressor crest was merely reduced in size, but was 
nevertheless preserved, 


In investigations by Schuwiegk [12], using other methods of stimulation of the receptors of the pulmonary 
circulation, two effector mechanisms of the depressor reflex were described: dilatation of the peripheral vessels 
and slowing of the activity of the heart. 


According to our findings obtained in experiments with synchronous registration of the pressure in the pul- 
monary artery and of the circulation in the systemic vessels, a third effector mechanism during stimulation of the 
receptors of the pulmonary circulation is constriction of the pulmonary vessels. A sharp rise in the pressure in the 
pulmonary artery corresponded to the depressor trough (see Fig. 1). 


672 


4 

oe 

a 

4 

on 


In experiments with perfusion of a lobe of the lung isolated in respect to its blood vessels, in addition to a 
depressor reflex there was observed to be an increase in the resistance — an increase in the inflow pressure and a 
fall in the outflow pressure of the perfused circulation (see Fig. 2). 


The sharp constriction of the pulmonary vessels led to a decreased inflow of blood to the left heart and to a 
fall in the arterialpressure in the systemic circulation. The principal feature of the third effector mechanism in 
response to stimulation of the receptors of the pulmonary circulation with hypertonic solutions was thus that the 
effect on the systemic circulation was produced by local vasomotor reactions in the pulmonary circulation. 


In some experiments the increase of pressure in the pulmonary artery was very considerable, and the level 
of its maximum increase was 2-3 times higher than its original level. Constriction of the pulmonary vessels under 
the influence of hypertonic solutions in dogs with the thorax opened, unconnected with the reaction which we have 
described, was also observed by Binet and Burstein [9]. 


In response to strong stimuli, the reflexes from the pulmonary circulation acquired a dominating importance. 


The depressor reaction, with participation of all three effector mechanisms, under these circumstances could be 
very marked, thereby disturbing the whole complex of usual successive changes in the blood pressure and the char- 
acter of the reaction. 


The first pressor wave and depressor trough appeared after injection of the hypertonic solutions through the 
venous system and the right heart into the vessels of the pulmonary circulation, and the remainder of the reaction, 
starting with the second pressor wave, appeared after injection of the solutions into the left heart and ascending 
aorta. The depressor trough was not, therefore, the result of the Bezold-Jarisch reflex. 


By comparison of the effects following the injection of giucose and sodium chloride into the right and left 
heart. into the pulmonary artery and the ascending aorta, the firm impression was gained that the passage of these 
irritants directly through the chambers of the undamaged heart caused no changes in the rhythm of action of the 
heart nor in the blood pressure in either the systemic circulation or the pulmonary artery. 


Direct stimulation of the heart is probably important after the injection of much larger doses of the concen- 
trated solutions, and when the outflow of blood is retarded. 


The mechanism of the second pressor wave is still unexplained. The view was originally put forward that it 
arose as the result of stimulation of the receptors of the ascending aorta. This wave could also be preserved, how- 
ever, after injection of the hypertonic solutions into the descending aorta. 


The mechanism of the second wave.of fall and subsequent increase in the blood pressure has been described 
previously [8]. The effector mechanism of the second wave of fall of blood pressure is dilatation of the peripheral 
vessels. The last phase of the reaction was the most complex, since the stimulus had left the aorta and the main 
arteries to enter different organs and tissues. 


The causes of the increased pressure were demonstrated by experiments with perfusion of a limb, isolated 
from the body in respect to its blood vessels and retaining only its nervous connections, and after intra-arterial 
injection of the stimuli. Stimulation of the receptors of the peripheral vascular network led to an increase in the 
activity of the heart and, probably, to constriction of the peripheral vessels. The vessels of the heart and kidneys 
were, however, dilated at this period, and the blood flow through the femoral vein was increased. 


Ithad to be assumed that the peripheral mechanisms of maintenance of vascular tone, described in the 
papers by G. P. Konradi [6], A. P. Kandel’ [5] and others, also took part in the mechanism of this reaction. 


The complex multiphase reaction appearing after injection of hypertonic solutions of glucose and sodium 
chloride into the blood stream was thus the result of successive stimulation of different reflexogenic zones, of 
different physiological function, extending over the course of the blood-flow during its first circulation around the 
body. 


Besides the reflexogenic zones in the major vessels, the receptors of the pulmonary circulation and of the 
peripheral vascular network also take part in the formation of the reaction. 


A significant part also belonged to the receptors of the pulmonary circulation, stimulation of which caused 
a powerful depressor reflex, mediated through the vagus nerves. The sharp increase of pressure in the pulmonary 
artery under the influence of hypertonic solutions demonstrated the great vasomotor potentialities of the vessels of 
the lesser circulation. 
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Our investigations enabled us to further develop our previously suggested scheme of formation of the reac- 
tion in response to the injection of hypertonic solutions into the blood stream. 


By comparison with the diagrammatic representation of the circulation (Fig. 3) are shown the individual 
phases of the reaction which may be obtained in any order, in the same or in different experiments, after injec- 
tion of the test stimulants into different areas of the cardiovascular system. The scheme clearly demonstrates the 
role of the sequence of stimulation in the formation of the multiphase reaction described. 


SUMMARY 


Following quick intravenous injection of hypertonic glucose and sodium chloride solution,the arterial blood 
pressure in dogs increases in 2 waves with a depressor wave in-between. It then drops and subsequently rises to its 
initial level. 


The author conducted experiments with catheterization of the cardiac cavities and of the great vascular 
trunks, with prefusion of the isolated pulmonary lobe and extremity, It was demonstrated that the changes of the 
blood pressure described above are determined by a successive stimulation with hypertonic solution of reflexogenic 
zones of the pulmonary circulation, the great arterial trunks, the peripheral vascular network (with a possible 
paticipation of the peripheral mechanisms). In strong stimulation powerful depressor reflexes from the receptors 
of the pulmonary circulation are prevalent with constriction of the pulmonary vessels. This brings about a sharp 
temporary rise of the biood pressure in the pulmonary artery and a fall of the general arterial pressure. The main 
afferent and efferent mechanisms and scheme of the reaction are described. 
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THE MECHANISM OF PROTRACTED COLLAPSE IN YOUNG ANIMALS 
DUE TO THE ACTION OF BACTERIAL TOXINS 
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Research in our laboratory has shown that different pathogenic agents (bacterial toxins, pharmacological sub- 
stances in suitable doses) cause a state of protracted collapse in young animals [5, 7]. Several workers have shown 
that this type of reaction in young animals is associated with the special features of tissue metabolism which per- 
mit the utilization of anaerobic energy in a state of collapse (6, 9]. This usually accounts for the ability of young 
animals to survive for a long time in conditions of severe anoxia. At the same time it has been shown in our labor- 
atory that during anoxia, protracted collapse can develop in young rabbits and kittens only when the body tempera- 
ture is constantly falling; prevention of cooling very rapidly leads to death with signs of rapid collapse of the type 
characteristic of adult animals [1, 3]. 


The aim of the present investigation was to assess the importance of a falling body temperature as a factor 
permitting the prolonged survival of young puppies subjected to the action of bacterial toxins, and to study the 
changes in the condition of certain nerve centers. 


EXPERIMENTAL METHOD 


Experiments were performed on puppies ages from 1 day to 3 months. The animals were given an intra- 
venous injection of a lethal dose of staphyiococcal or dysentery toxin causing death after 4-12 hours. For this 
purpose we used liquid staphylococcal toxin in a dose of 0.2-0.5 ml/kg body weight and complete Hiss-Flexner 
antigen in a dose of 5-7 mg/kg body weight. In order to determine the state of the cerebral cortex,the electro- 
encephalogram (EEG) was recorded. Bipolar leads were taken, using needle electrodes, which were inserted into 
the bones of the skull at the site of projection of the frontal or parietal lobe. In the majority of experiments the 
animal's head was firmly fixed in order to prevent artefacts. In addition, throughout the experiment ,recordings 
were made of the electrocardiogram, the respiration and the body temperature. In a special series of experiments 
the animals were placed in an incubator with an air temperature of 30-31°. Altogether 78 experiments were per- 
formed. 


EXPERIMENTAL RESULTS 


Injection of lethal doses of staphylococcal or dysentery toxin to puppies ages 1+ -3 months caused the reac- 
tion already described above, with a four-phase change.in the rhythm of the heart's contractions, Workers in our 
labatory [2, 5] have shown that the first phase, appearing soon after injection of the toxin, when the cardiac rhy- 
thm became slower on account of the increased tone of the center of vagus innervation of the heart. The second 
phase — a quickening of the activity of the heart — was due to a fall in the tone of the vagus. Later, during the 
development of a terminal state, a second increase arose in the tone of the center of vagus innervation of the 
heart; this was expressed by the phenomenon of syncope with subsequent change of the activity of the heart to an 
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Fig. 1. The course of staphylococcal toxemia. a) In a puppy 
age 1 month 20 days; b) in a puppy age 7 days. Along the 

vertical axis — rectal temperature; P) number of contractions 
per minute of the heart; D) respiration rate. Along the hori- 

zontal axis — time in hours.J ) Time of injection of toxin. 


Fig. 2. Changes in the EEG (frontal lead) in a puppy age 2 months in- 
jected with staphylococcal toxin. a) Recording before injection of toxin; 
b) in the phase of the first slowing of the heart's contractions; c) in the 
phase of quickening of the heart's contractions; d) 5 minutes before car- 
diac syncope;e) during cardiac and respiratory syncope. 


Aschoff-Tawara rhythm. This phase coincided with phenomena of syncope in the respiratory center also. 

Next followed the fourth phase — the change of the heart to an automatic rhythm and, possibly, to fibrillation., In 

this last phase terminal inspirations were observed at the same time. The last two phases, beginning with cardiac 

and respiratory syncope, lasted on the average 5-8 minutes, after which death ensued. These two phases were also 

characterized by what in adult dogs would in similar conditions be called collapse. Under these circumstances in 

adult dogs the body temperature, if lowered at all, does not fall by more than 1-3*. In puppies ages 1¢--2 months 
it may fall by 3-5° (Fig. 1). 
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Fig. 3. Changes in the EEG in a puppy age 7 days (frontal lead) inject- 
ed with staphylococcal toxin. a) Recording before injection of toxin; b) 
c,d) recordings made every 35-40 minutes; €) recording made 3 hours 
before cessation of breathing. 


In experiments on puppies ages 1 to 14-15 days, with an ordinary environmental temperature (18-20%), 
injection of a lethal dose of bacterial toxins caused death which ensued after prolonged collapse; this was char- 
acterized by a gradual slowing of the rhythm of the cardiac contractions and the respiration, and a fall in the 
body temperature to the level of that of the surroundings (see Fig. 1). 


From comparison of the results obtained it can be seen that distinctive features of age were manifested 
primarily by the fact that the animals in the first days of life did not show the phases of changes in cardiac ac- 
tivity typical of puppies over 14 months old. A further characteristic feature shown by the young animals was 
a considerable fall of the body temperature. Comparison of the changes in the EEG observed under these cir- 
cumstances showed that in puppies over 14-2 months old, the development of toxic manifestations was accompanied 
by phasic changes in the electrical activity of the cerebral cortex (Fig. 2). 


Cessation of the "spontaneous" electrical activity of the cerebral cortex in the terminal state in animals 
of this age group took piace almost simultaneously with the appearance of cardiac and respiratory syncope. 


In puppies during the first days of life (not more than 16-18 days old), protracted collapse developing aft- 
er the injection of bacterial toxins was characterized by a gradual fall in the activity of the EEG, mainly of its 
amplitude, as far as complete disappearance of the rhythmic activity during the 3-5 hours before cessation of 
respiration and activity of the heart (Fig. 3). 


In the performance of experiments with acute anoxia we found that the course of protracted collapse in 
young anim4ls depended on the temperature of the environment. Protracted collapse was possible only when the 
environmental temperature was relatively low (not above 18-20°), at which the animal's own bodv temperature 
fell comparatively quickly. By analogy with the anoxia experiments it was decided to ascertain to what extent 
the fall in the body temperature was a factor influencing the duration of the collapse after injection of toxin. 
For this purpose a series of experiments was carried out on puppies ages up to 10 days, at an environmental tem- 
perature of 30-31°, preventing cooling of the animal. Staphylococcal toxin was injected intravenously in the 
same dose as in the puppies during the experiments at room temperature. In these conditions death of the ani- 
mal took place much more quickly (after 1+-3 hours) with none of the typical signs of protracted collapse as 
described above. Phasic changes were observed in the activity of the heart and the EEG, but these were differ- 
ent from those in adult animals. The duration of the collapse was greatly shortened — the pattern of death was 
closer to that observed in adult animals. In these cases too, however, the cessation of electrical activity of the 
cerebral cortex arose long before the arrest of respiration and of the activity of the heart (+-1# hours). 


The experiments showed that protracted collapse in response to the action of bacterial toxins on puppies 
in the first days of life was only produced in conditions when it was possible for the body temperature of the 
animal to fall. The fall in the body temperature to the level of the environment temperature, and the disap- 
pearance of the EEG rhythms long before the cessation of respiration and of activity of the heart was evidence 
that in young animals the resistance of the diencephalic and cortical levels of the central nervous system is 
considerably below that of the bulbar and spinal levels. 
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What determines the pcssibility of long survival in a state of collapse when the body temperature is low - 
ered? In order toeluidate this problem we carried out the following series of experiments. If a puppy, already in 
a state of collapse with a low body temperature, was carefully warmed, because of the increased body temperature 
a considerable quickening of the rhythm of contraction of the heart and of respiration could be observed. The 
animal quickly died from overheating, although a temperature much lower than normal, e,g., 33°, 27°, 23° and 
so on, depending on the depth of the collapse, determined by the degree of damage done by the toxin to the 
nerve centers, 


As numerous observations in our laboratory haveshown, the normal body temperature of the puppies before 
puberty is 35-36". On increasing the environmental and the body temperatures, the puppies die from overheating 
when their body temperature reaches 41-43°; death ensues rapidly, with no signs of protracted collapse [4]. The 
temperature at which the animals die from overheating should be referred to as limiting or critical. During over- 
heating the cortical level is excluded much earlier than the cessation of the activity of the respiratory center, 
judging by the disappearance of the EEG, so that it can be accepted that at the critical temperature,death ensues 
as a result of the cessation of the function of the bulbar level, which in this case shows the greatest resistance. 


The observations described above become understandable when it is remembered that, if we postulate that 
as a result of the action of bacterial toxins, the critical temperature and probably also the optimum temperature 
zone are shifted towards lowerlevels, more or less severely depending on the degree of current damage and the 
resistance of the nerve centers. The rate of shift of the critical temperature in the conditions of our experiments 
varied from fractions to a few degrees per hour, The inverse value of the rate of shift in these cases is a measure 
of the resistance of the nerve centers, their accommodating resistance to the damaging influence of the bacterial 
toxins. It must be pointed out that a fall in the critical temperature during different forms of alteration (the 
action of narcotics, oxygen lack, mechanical injury and so on) has been shown in many types of biological ob- 
ject — unicellular protozoa, isolated organs and so on [8]. In our experiments the same relationship held good, but 
was considerably complicated by the fact that we were dealing here with specific reactions of an intact animal. 


It must, therefore, be accepted that prolonged survival in a state of protracted collapse is only possible if 
the intensity of fall of the animal's body temperature is not less than the rate of shift of the critical temperature. 


The rapid death of the animal without signs of protracted collapse in experiments in which cooling was prevented 
or during warming could be explained as death resulting from equilibrium at a lower level of the body tempera - 
ture than the critical temperature. 


The findings obtained compel us to turn once again to the question of mechanisms of resistance to the ac- 
tion of bacterial toxins as it depends on age. In our laboratory we associate the idea of resistance with the ability 
of the animal to bring about an integrated series of adaptive reactions, thanks to which the animal maintains the 
constancy of its internal environment, i.e., its homeostasis, under the new conditions, As the analysis shows, young 
animals are not yet able to bring about the complete series of reactions necessary for maintenance of homeostasis. We 
regard protracted collapse as an expression of departure from adaptation, but one which permits the young animal 
to survive for a long time in spite of the low resistance of its nerve centers. 


Prolonged survival during protracted collapse in young animals is possible by virtue of the fact that the 
function of the centers of the bulbar and spinal levels is still possible after the activity of the cortex and adjacent 
subcortex has been excluded. In the process of ontogenesis, starting at a definite stage (from 16-20 days) in con- 
sequence of some degree of equalization of the lability and resistance of the different levels of the central ner- 
vous system, a closer functional union of these levels takes place. At this time the animal acquires the ability to 
produce adaptive reactions to agents altering the environment, thereby enabling the state of homeostasis to be 
maintained, although under these circumstances the power of transformation into a state of prctracted collapse is 
lost. 


SUMMARY 


The reactions of young puppies (ages from 1 to 18 days) and of the older ones (ages from 1.5 to 3 months) 
to.the action of lethal doses of staphylococcus and the dysentery toxins were analyzed on the basis of EEG, EKG 
respiration frequency and body temperature studies. In three month puppies a rapidly developing (within 5-8 min- 
utes) collapse is followed by death. This collapse is characterized by an almost simultane pus disappearance of 
the EEG rhythms, respiratory center activity andthat of the heart, as weil as by an insignificant reduction of the body 
temperature (by 2-3°C). In case of young puppies death is preceded by prolonged collapse (lasting several hours). 
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In young animals the latter is characterized by a gradual decrease of the body temperature to the environment 
level with the electric activity of the brain cortex disappearing 3-5 hours previous to the death of the animal. 
When the body temperature is prevented from dropping, the period of protraeted collapse isdecreased sharply. 
The above observations lead to the following explanation of this fact: in a protracted collapse of young puppies 
the liminal (critical) temperature at which the animal dies is decreased as a result of alteration of the nervous 


centers by bacterial toxins. 
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The present investigation was undertaken inorder to study the effect of different physiological conditions 
on the possibility of penetration of microorganisms through the skin. Experiments were carried out on mice. 
Under these circumstances we took into consideration the age of the animals, their nutrition and seasonal influ- 
ences. The experiments were not duplicated on other animals, because we know from the literature that the 
reaction of the epithelial cells does not depend on the thickness of the epidermis. “Both in the multilayered 
epithelium of the human skin or of the skin of the mouse’s paw, and in the two-and four-layered epithelium of 
the skin of the dorsum of the rabbit or mouse, the processes take place in the same way” [2]. 


EXPERIMENTAL METHOD 


The work was carried out on different groups of mice: one group consisted of mice weighing 15-18 g, 
another of mice weighing 19-22 g. In selecting the animals it was taken into consideration that the group of 
smaller mice grew on an inferior diet (with a much smaller milk content). Later, however, both during and 
after the experiments, in the course of observations lasting 2-3 months on the mice, the diet of both groups was 
the same, and remained unchanged until the end of the observations. 


Besides the weight and diet, the external appearance of the animals was taken into consideration. In the 
group of smaller mice, disheveled and sluggish animals were selected, and in the group of larger mice, animals 
with smooth, glistening fur, and active and lively in their behavior, were included. 


Using the different groups of mice, we tried to reproduce the experiments with them at different times of 
the year. The smaller animals weighing 15-18 g and 2-2} months old were used for the experiments in winter 
and autumn and sometimes in the early spring, when it was still cold (March). The larger mice weighing 19-22 
g and 3-34 months old were included in the experiment only in the very warm time of the year — June, July and 
August, The selection of the animals in accordance with the conditions of their growth, with their weight and 
external appearance was thus sufficient to enable differences in their biological activity to be discerned, and the 
additional factor of seasonal influences created even greater variations in the sensitivity of the animal to infec- 
tion. 


Proof of the penetration of microorganisms through the skin was the development of infection with a fatal 
termination due to the microorganisms introduced. This required the use of microorganisms pathogenic to mice: 
Salmonella typhimurium, Pneumococcus I, Bacillus anthracoides, Streptococcus haemolyticus and Bacterium 


pyocyaneum. 
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Outcome of Infection through the Skin 
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B. anthracoides 
B. pyocyaneum 
Str. haemolyticus 

Salmonella typhi murium 
Pneumoceccus 
Pneumococcus I on scarified 
Pneumococcus in association 
with hyperthermia........ 


Fig. 1. Penetration of streptococci into the Fig. 2. Penetration of microorganisms into the 


epithelium andsubcutaneous cellular tissue loose connective tissue of a mouse after infec- 
of a mouse in experimental infection through tion through the skin. The mouse was killed 
the skin. The mouse was killed immediately immediately after the experiment. 


after the experiment. 


Ail the microorganisms used in the experiments were cultivated on liquid nutrient media. In order to 
prove that the infectious agent entered the body in fact through the skin, a method was devised which excluded 
infection of the animals by any other route. In order to ensure fixation, each mouse was secured to an indivi- 
dual Leitz stage, and by means of a screw, the tail was clamped to the stage with a metal plate, and lowered into 
a narrow precipitation tube filled with a 24-hour culture of the microorganism. The animals were kept in this 
position for 2 hours. 


The tail of each experimental mouse was then carefully taken out and dried. 


In parallel experiments, after the conclusion of the exposure, the tail of each mouse was quickly cut off 
aseptically at a level considerably above that reached by the culture. The stump was immediately cauterized, 
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which prevented bleeding. By cutting off the tail in this 
way there could be no doubt that subsequently we had to 
deal only with microorganisms penetrating into the blood 
and lymph through the skin during the time of exposure. 


The results of the experiments in accordance with 
either scheme showed that no difference was observed in 
the onset and development of the infection or in its ab- 
sence. 


The trauma inflicted on the animal during the opera- 
tion of removal of the tail was checked by control experi- 
ments in which the tails of mice were lowered into sterile 
broth. Observations for a period of 2 months showed that 
the percentage of fatal issues in these conditions varied 
between 0 and 2. 


Performance of the experiments with different 
Fig. 3. Penetration of microorganisms into the species of microorganisms was accompanied by subcuta- 
tissue space after infection of a mouse through neous infection of the animals of the same group with the 
the skin. The mouse was killed immediately same organisms. The mice included in the experiment 
after the experiment. were previously checked to ensure that they were not 
carriers of pneumococci. 


Besides reproducing infection with a fatal issue, 
experiments were carried out in order to discover if it was possible for microorganisms to penetrate the skin and 
to determine the rate of their appearance in the blood and organs. In these experiments we used cultures of 
Pneumococcus and of Bacillus mirabilis. 


The tails of the mice were immersed in tubes containing cultures of the microorganisms for times varying 
from 10 minutes to 2 hours. At the expiry of the predetermined time, the mice were released from the stages 
and killed at different periods: some after 1-2 hours, others after 1-6 days. The cadavers were immediately 
examined, and their organs and the blood were investigated under the microscope and bacteriologically. 


EXPERIMENTAL RESULTS 


The experimental results showed that Bacillus mirabilis has a considerably smaller ability to penetrate 
through the skin of a living animal than Pneumococcus: Bac. mirabilis, being a saprophyte, showed only 2.38% 
of penetration through the skin, whereas Pneumococcus, possessing a high degree of pathogenicity toward mice, 
without producing a fatal issue, showed 26.32% of penetration through the skin of the mice. Under the same 
conditions, the intensity of penetration of the pneumococcus was 11.1 times greater than that of Bac. mirabilis. 


The total number of mice used in the experiments was about 2500. In each section of the experiments 
there were about 200 mice. 


The summarized results of the main experiments, carried out with the strains of Streptococcus haemolyti- 
cus, Bac. anthracoides, and Bact. pyocyaneum, given in the table, show that in the groups of the larger mice in 
summer conditions a low mortality was observed. and between 93 and 97% of the animals survived. 


The smaller mice (15-18 g), experiments with which were carried out in the autumn and winter, died in 
larger numbers. As a result of infection with Bac. anthracoides under these conditions, theirsurvival rate was 
only 11%, and of infection with Strep. haemolyticus this percentage fell to 7. 


In the experiments using a culture of Salmonella typhimurium, the larger mice in the warm spring months 
showed maximum resistance to this microorganism: after the usual exposure for 2 hours, the number of surviving 
animals was equal to 100%. Infection of the 15-18 g mice with the same culture in the cold winter months 
resulted in 5% of fatal issues without isolation of the specific causative agent. Hence it follows that the undam- 
aged skin of both the more and the less resistant groups of mice was impermeable to such pathogenic microor- 
ganisms as Salmonella typhimurium, which in natural infection penetrate the body via the mouth. 
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Experimental infection with pneumococci, using both the larger and smaller mice, showed high suscepti - 
bility to this infection — a fatal issue with isolation of the specific causative agent was found among the larger 
mice in the summer time in 10% of cases, and among the smaller mice in wintertime, in 90%, 


Preliminary trauma to the skin of the tail by means of scarification increased the mortality of the larger 
animals in the summer time to 40%, and in experiments in association with hyperthermia the mortality reached 


450%. 


The ability of microorganisms to pass through the skin of mice was confirmed also by histo!ogical methods 
of investigation of 200 animals. The aim of this particular investigation was to obtain some idea, although only 
relative, of the paths of penetration of microorganisms from the epidermis to the layers of the true skin, and of 
the rate of their movement along this path. For this purpose we selected a culture of Streptococcus haemolyticus , 
Griffith's type I and Lancefield's group A. In order to prevent excessive maceration of the epithelium, we used 
the exposure of one hour as established above. 


Histological examination of the skin of the tails of the mice at the end of the specified period of time 
showed the presence of microorganisms, having penetrated beneath the epidermis into the dermis, The relative- 
ly small number of coccoid forms in the tissue of the dermis suggested that in the period of 2 hours the strepto- 
cocci had passed beyond the limits of the skin and would have to be sought in the lymphatic glands. In subse- 
quent experiments the exposure was increased to 18-22 hours, and both the skin of the tails and the inguinal 
lymphatic glands were subjected to histological examination. A study of the histological preparations from this 
series of mice revealed not only penetration and distribution of streptococci in the dermis, but also in other tis- 
sues, and also enabled the biological reactions of the tissues in response to the introduction of microorganisms to 
be followed to some extent. The most informative patterns were obtained in mice killed immediately after the 
experiment; from them the following facts were determined: 


a) groups of cocci were found under isolated desquamated epithelial cells, in the thickness of the epithe - 
lium and close to the hair foilicles (Fig. 1); 


b) microorganisms were found in the subcutaneous cellular tissue in groups, and granulocytes were seen, 
containing phagocytosed microorganisms (Fig. 2); 


c) cocci were abundantly distributed in the tissue interspaces in the muscle in the perivascular lympahatic 
spaces and in the perivascular tissue of the blood vessels (Fig. 3). 


In many histological preparations biological reactions to the introduction of microorganisms could be 
seen: signs of proliferation of the endothelium of the vessels and leucocytic thrombi in the smaller vessels. No 
microorganisms could be found in the tissue of the lymphatic glands during this period of observation. 


It may be concluded from the findings described that the function of the undamaged skin as a factor in the 
defense of the body against microorganisms is confirmed by the histological investigations. 


SUMMARY 


Factors protecting the skin from microbic penetration are clearly seen on the example of several groups of 
large mice where the percentage of survival ranges from 70 to 100%; the mortality rate rises only with scarifica - 
tion of the skin and overheating of the body. The protective properties of the skin in smaller mice decreases 
sharply and the percentage of the animals survivingdrops to 7-11. The above factors showed their maximal pro- 
tective properties with regard to Salm. typhimurium. Although this microbe was highly pathogenic when ad- 
ministered to mice per os, subc'ltaneously or intraperitoneally, it was unable to penetrate through the skin. 


Histological investigations demonstrated that uninjured epithelium possesses powerful protective properties 
against microorganisms, which are able to penetrate under it only when it is desquamated or through the hair and 
sebaceous follicles. 


With the microbes penetrated into the mice skin the immunological reactions are the most intense during 
the first 24 hours and even during the first few hours after infection. 
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THE EFFECT OF CHLORTETRACYCLINE ON THE COURSE OF 
EXPERIMENTAL CANDIDOMYCOSIS OF THE LUNGS IN WHITE RATS* 


COMMUNICATION I. EXPERIMENTS IN WHICH CHLORTETRACYCLINE WAS INJECTED 
SIMULTANEOUSLY WITH INFECTION BY A CLUTURE OF CANDIDA ALBICANS 


A. V. Tsinzerling 


From the Pathologicoanatomica] Division (Head — Candidate Med. Sci. A. V. Tsin- 
zerling) of the Order of Lenin Naval Hospital, and the Lahoratory of Infectious 
Diseases (Head — Prof. M. V. Voino-Yasenetskii) of the Division of Pathological 
Anatomy (Head ~ Academician N. N. Anichkov) of the Institute of Experimental 
Medicine of the AMN SSSR, Leningrad 


(Received June 27, 1958. Presented by Academician N. N. Anichkov) 


In the literature there are many papers dealing with the role of antibiotics in the development of the can- 
didomycoses, Some workers point out the stimulation of growth of candida directly by antibiotics themselves: 
by multiple [1, 6] or by individual preparations, and in particular, by chlortetracycline [4, 5, 8]. The authors 
of other papers [7, 9 and others] consider that the action of antibiotics is purely to destroy the symbiotic micro- 
organisms in whose absence the fungi are able to undergo intensive proliferation, Under these circumstances 
Drouhet denies that antibiotics are,in general,capable of a direct stimulating action on Candida [3], and Strutz 
andKuntze even note an inhibitory action on Candida by high concentrations of penicillin and xanthocillin [10]. 
In some research papers [4] the view is expressed that antibiotics act only on the patient, suppressing his defen- 
sive reactions, and thereby facilitating the development of candidomycosis 


Because of the contradictory reports in the literature on this very important subject, we undertook the study 
of the effect of chlortetracycline on the course of experimental candidomycocis of the lungs. 
EXPERIMENTAL METHOD 


In the present paner we give details of the morphological changes in the internal organs of 89 white rats 
which received intranasal injections of 1.5 x 10° cells of a suspension of a culture of Candida albicans in 0.5 ml 
of 8% gum arabic; the injections were given in the mycological laboratory of the Institute of Antibiotics. During 
the histological examinations we used, besides the usual methods, the Shabadash and Gram staining methods. 


EXPERIMENTAL RESULTS 


The first series of experiments was carried out on 21 control and 25 experimental rats. The latter received 
4000 units of chlortetracycline daily from the day of inoculation. Fifteen rats died on the first day (7 experimen- 
tal and 4 control) or on the second day (3 experimental and one control); the remainder were killed with ether at 
different times, beginning with 3 hours and ending with 45 days after inoculation. 


*Given to the Leningrad Scientific Society of Pathologicoanatomists onMarch 25, 1958. 
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Fig. 1. In a bronchiole, an alveolar passage and the adjoining al- 
veoli is a proliferating mass of Candida albicans, surrounded by 
granulocytes and macrophages (a rat, not receiving chlortetracy- 


cline, which died on the 1st day after inoculation). Shabadash 
stain. Magnification 240. 
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Fig. 2. Granuiation tissue with a small abscess on the 10th day after 
inoculation (injection of chlortetracycline), Shabadash stain. Magni- 
fication 75. 


In the animals killed immediately after inoculation, a moderate number of unevenly distributed yeast 
cells was present in the lumen of the bronchi, in the alveolar passages and sometimes in the alveoli themselves. 
No changes were present in the lungs. After 3 hours the number of yeast cells in the experimental and control 
rats increased considerably, as the result of their obvious division. The cells were of various sizes, but forma- 
tion of threads of pseudomycelium was barely perceptible. In places where yeast cells were situated — the small 
bronchi, bronchioles, alveolar passages and the adjoining alveoli — a small number of macrophages was present, 
with which were occasionally intermingled a few granulocytes. The macrophages intensively ingested the yeast 
cells and some of them, tightly packed with yeast cells, by their appearance were reminiscent of mulberries. 
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3. Extensive focus, formed of granulation tissue, consisting of 
epithelioid and giant cells, macrophages and also of lymphocytes. 
The rat was killed on the 35th day after inoculation (injection of 
chlortetracycline). Stained with hematoxylin eosin. Magnifica- 
tion 525. 


4 After 5 hours the inflammatory foci in the lungs of all the animals became more widespread. These foci 
: were, as before, connected with the bronchial tree, being arranged in the form of leaves in the region of the 

‘ alveolar passages. The exudate in these foci consisted of macrophages and granulocytes, sometimes with pre - 
ponderance of the latter. Often there were fibrin threads among the cells of the exudate. A proportion of the 
foci were surrounded by a zone, sometimes wide, sometimes narrow, with a serous exudate in the alveoli. In 
the central areas among the cells of these alveoli and also in the protoplasm of the macrophages a large number 
of yeast cells were found; threads of pseudomycelium were also fairly numerous. Individual yeast cells could 
also be found in the serous fluid around the pneumonic foci. 


On the first day after inoculation 7 experimental and 4 control rats died. A large part of the lung tissue 
(and in some animals a:most the whole of it) was composed of confluent foci, completely devoid of air. In their 
central areas were observed abundant felt-like proliferations of yeast cells with the formation of well-marked 
threads of pseudomycelium. These were situated in the bronchioles (Fig. 1) and along the walls of the alveolar 
passages, forming irregularly shaped rings. In the lumen of these rings a whitish fluid was present. Around them 
was usually seen a fairly narrow zone of alveoli, filled with leucocytes, some of them disintegrating, and some - 
times with a small admixture of macrophages. In the majority of the animals phagocytosis of yeast cells by 
be macrophages was observed, In some cases yeast cells, in spite of their large size, were evidently also situated 
within the protoplasm of the leucocytes. The alveoli around these foci were usually under considerable tension 
and filled with a serous fluid. As a rule they contained no yeast cells, 


On the 2nd day after inoculation we investigated 5 experimental and 5 control animals, including 4 which 
died (3 experimental and one control). The changes in the lungs of the animals which died were identical with 
those described above. In all the killed animals macrophages began to predominateamong the cells in the pneu- 
monic foci, sometimes already showing an elongated appearance. In places small abscesses were formed where, 
in addition to disintegrating granulocytes, a varying number of yeast cells were observed, and sometimes short 
threads of pseudomycelium also. Usually no zone of edema was present around the foci. 


On the 3rd-7th day after inoculation, the lungs of all the rats showed a fairly widespread distribution of 
foci devoid of air, in which the alveoli were filled mainly with macrophages, some of which were elongated in 
shape. The protoplasm of many macrophages, especially those situated in the center of the foci, took on a red 
color when stained by Shabadash's method. Solitary, palely staining yeast cells were sometimes found here. On 
the 3rd day a small number of leucocytes was found in these foci, and in one animal these cells were actually 
predominant in the exudate. Often formation of granulation tissue took place in the central areas of these foci, 


687 


ha: 


consisting of epithelioid and solitary giant cells with lymphocytes at the periphery. In half the animals small 
abscesses could be found among this tissue. A few dying yeast cells were usually to be seen among the disintegra - 
ting granulocytes. The tissue surrounding such areas was usually observed to contain a considerable admixture of 
fibrin. In individual animals the alveoli around certain foci were partially filled with a serousfluid. 


On the 10th-15th day in all the experimental animals, widespread foci were observed from which air was 
absent, where the lung tissue was occupied by granulation tissue of the structure described above. In the majority 
of thses animals abscesses with a varying number of yeast cells were also found (Fig. 2). In almost all the control 
animals (not receiving chlortetracycline) the foci in the lungs were comparatively few in number. The alveoli 
in these foci were full or partially filled with macrophages, often with red cytoplasm when stained by Shabadash's 
method. Sometimes areas containing granulation tissue were also present, and small abscesses with disintegrating 
granulocytes, but no yeast cells were present here. 


At the subsequent times (22-45 days) the changes in the lungs of the experimental and control animals 
took the form of more or less widespread foci devoid of air. The alveoli in these areas were filled with macrop- 
hages, less commonly macrophages and epithelioid cells; no yeast cells were found (Fig. 3). 


In order to obtain a more accurate picture of the dynamics of the process, we carried out a second series 
of experiments on 20 control and 23 experimental white rats. In order to prevent the possibility of development 
of inflammatory changes unconnected with the inoculation (associated with the low external temperature), all 
the experimental animals and 15 of the controls were given chlortetracycline for two days before inoculation. 
After the inoculation only the experimental rats continued to receive the drug. For the investigation the ani- 
mals were killed with ether at different times, starting from the moment of inoculation and ending with 22 days. 
Only one experimental rat died. The changes in the lungs of the animals in this series of experiments were main- 
ly in accordance with those described above. 


The exception in this series of experiments was the specific changes found in one experimental and one 
control rat in the first series, killed on the 26th day after inoculation. In these animals there were very exten- 
sive foci devoid of air, filled mainly with epithelioid cells. In the foci were found numerous abscesses with well- 


preserved leucocytes, only those in the center of the abscess being in a state of disintegration. The abscesses 
contained many yeast cells. In the control rat a large number of staphylococci was found, and in the experimen- 
tal rat, many small Gram-positive particles, probably from disintegration of microorganisms. It may be thought 
that these foci developed as a result of the superimposition of fungi of the Candida genus on a staphylococcal 
lesion which preceded ‘t,or developed simultaneously with it, in consequence of migration of microorganisms from 
the upper respiratory tract after intranasal inoculation of the Candida suspension. 


We were unable to find any instance of the presence of inflammatory foci containing Candida in other in- 
ternal organs (brain, heart, spleen, kidneys, liver, intestine and thymus gland). 


The results of a mycological investigation of all the internal organs, made concurrently by N. P. Elinov, 
were in agreement with the pathological anatomical findings. 


Thus the administration of chlortetracycline to white rats with experimental candidomycosis of the lungs 
aggravated the course of the infectious process. This could be judged first, by the larger number of animals in 
the experimental group which died (11 of 48, i.e., 23%) by comparison with the control group )5 of 41, i.e,, 12%), 
and secondly, by the longer period of preservation of Candida in the foci of inflammation which, as a rule, were 
more widespread in the animals of the experimental group. 


SUMMARY 


This paper deals with the pathologicoanatomical study of internal organs in 89 white rats infected intrana- 
sally with Candida albicans culture. In 50% of the animals tetracycline per os administration was commenced at 
the day of infectionor 2 days prior to it. 


This preparation aggravated the course of infection: a) more animals perished in the experimental group 
than in the control; b) in experimental animals Candida remained in the foci of infection (which, as a rule, were 
more widespread in this group of animals) for longer periods of time. 
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BIOCHEMISTRY AND BIOPHYSICS 


THE ACTION OF A HIGH PRESSURE ON THE ADENOSINETRIPHATASE 


ACTIVITY OF MYOSIN 


I. I. Ivanov, N. I. Mirovich and E. A. Parshina 


From the Biochemical Labatory of the Institute of Obstetrics and Gynecology of the 
AMN SSSR and the Department of Biochemistry of the Leningrad Institute of Pediatric 
Medicine 


(Received June 27, 1958. Presented by Active Member AMN SSSR S. E. Severin) 


The possibility of reciprocal interaction between myosin and adenosinetriphosphate (ATP) was first demon- 
strated by V. A. Engel’gardt and M. N, Lyubimova [9, 10]. This discovery led to the consideration of the prob- 
lem of the mechanism of utilization of the chermical energy of metabolic processes in muscular action, and to 
the laying of the foundations of the study of the mechanochemistry of muscle. 


Also of great importance were the investigations later published by Szent-Gyorgyi and the Hungarian 
school of biochemists [17, 19], which considerably extended our knowledge of the contractile proteins of muscle 
and the mechanism of their interaction with ATP. 


The work of Weber and of Hoffmann-Berling [12, 13a, 20], and later, that of V. Ya, Aleksandrov and N. I. 
Arronet [1] established the universality of this mechanism, which now permits us to speak of the possibility of the 
reciprocal interaction between ATP (or the purine and pyrimidine analogs of ATP) and not only the muscle 
myosim but also the contractile proteins of the various other organella of cell movement (the tail of the sperma - 
tozoon, the undulating membrane of the trypanosome, the apparatus responsible for the separation of chromosomes 
in the process of cell division, and so on). 


It must be pointed out, however, that a number of facts suggesting the universal role of ATP in the mecha- 
nism of a variety of forms of cell movement were discovered and published somewhat earlier by other authors 
(3, 4, 11, 13}. 


These facts undoubtedly suggest that one of the most important properties of myosin as a functional entity 
is its enzymic (adenosinetriphosphatase) activity. 


Attempts by several authors [7, 16] to prove the possibility of separation of the isolated adenosinetriphos- 
phatase from the myosin did not give sufficiently convincing results, and were subjected to sharp criticism [6]. 


Work by Mihalyi and Szent-Gyorgyi [15] showed that myosin could be broken down by trypsin into two 
components — H- and L- meromyosins— of which only one (H-meromyosin), which possesses adenosinetriphosphatase 
activity, retains the most typical properties of myosin, and in particular the ability to combine with actin. 


In this paper the authors describe the conditions in which it is possible to obtain myosin, completely de- 
prived of adenosinetriphosphate activity, but retaining its power of being dissolved in 0.6M KCI and being preci- 
pitated during subsequent dialysis or by high dilution of the myosin solytion with water. 


q EXPERIMENTAL METHOD AND RESULTS ud 
F Some years ago one of us [5] showed that under the influence of high pressure, of the order of 4000 atmos, « 
7 myosin loses its adenosinetriphosphatase activity and, as it was assumed, is denatured, We have recently found oe 
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Relative viscosity 


Myosin J. Actomyosin 
& Actin 


&S) Actomyosin after addition of ATP 


Fig. 1. Changes in the relative 
visosity (1) of myosin solutions (a) 
before and (b) after the action of a 
high pressure (4000 atmos) after ad- 
dition of actin and ATP (the results 
shown are from one typical experi- 
ment). 


Actomyosin 
(J Actom osin after 
addition of ATP 

Fig. 2. Changes in the rela- 
tive viscosity (» ) of actomyo- 
sin solutions (a) before and (b) 
after the action of a high pres- 
sure (4000 atmos) after addition 
of ATP. 


that solutions of reprecipitated myosin, including the crystalline ig 
preparation obtained by Szent-Gyorgyi’s method, do in fact lose 
completely their adenosinetriphosphatase activity under the influ- 

ence of high pressure, even though these conditions practically the 

whole of the protein remains in solution. 


If, for instance, the original activity of the myosin prepara - 3 


‘tions in our conditions was expressed by the symbol Q. of the order 


of 960-1200°, then after the action of high pressure Q, fell to ze- 
ro. The visosity of myosin, free from any admixture of actomyo- 
sin, showed a perceptible increase under the influence of high 
pressure (Fig. 1). 


This was in agreement with the observations of B. F. Pogla- 
zov et al. [7, 8], who studied the changes in the SH-groups and 


viscosity of myosin during heating. Myosin which has been ex- 
posed to the action of ahigh pressure can be precipitated by dialy- 


sis and redissolved in 0.6 M KCl. 


These results suggested that under the influence of a high 
pressure certain changes took place in the structure of the protein, 
associated with the inactivation of groups (possibly SH) giving myo- 
sin its enzymic character, but not accompanied solution in saline 
media with an ionic strength of 0.35-0.4. The enzymically inac- 
tive myosin thus obtained had lost its ability to interact with ac- 
tin, with the formation of actomyosin (see Fig. 1). 


Actomyosin gels, when subjected to the action of a high 
pressure, also lose their property of having their viscosity lowered 
after addition of ATP (Fig. 2). So far as the changes in viscosity 
of actomyosin itself after the action of a high pressure are con- 
cerned, this was lowered insignificantly. This was not, however, 
due to the absence of dissociation of the actomyosin complex into 
its components — actin and myosin — but to the production, as a 
result of the action of the high pressure, of a much more viscous 
(and possibly, partially denatured) myosin. This latter might also 
have masked the fall in viscosity of the actomyosin complex as a 
result of its dissociation. 


For the same reason the viscosity of myosin inadequately 
purified from contamination with actomyosin, was increased after 
the action of a high pressure not to such a high degree as that of 
preparations of “crystalline” myosin obtained by the Szent-Gyérgyi 
method. 


Thus the loss by myosin of its adenosinetriphosphatase activity was possibly associated with its partial de- 
naturation and deprived this protein of its most characteristic and unique properties. 


SUMMARY 


Solutions of reprecipitated myosin lose completely their adenosinetriphosphates activity under the effect 
of high pressure (4000 atmospheres). However, they retain their ability to readily dissolve in 0.6 M KCl and to 
become precipitated in subsequent dialysis or after considerable dilution of myosin salt solution with water. The 
viscosity of myvsin, free of actomyosin admixture, rises under the effect of high pressure. Myosin subjected to 


*In order to determine the adenosinetriphosphatase activity of myosin we used a preparation of ATP with a high 
content, which, according to A. A. Baev's findings [2], leads to a significant fall in Q when the enzymic activ- 


ity of the myosin is determined. 
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the effect of high pressure loses its ability to combine with an activated actin with the formation of actomyo- 
sin. The viscosity of actomyosin gels subject to high pressure (4000 atmospheres) does not diminish after addi- 
tion of adenosinetriphosphates, Under the effect of high pressure there must occur some kinds of changes in the 
myosin structure, these being associated with inactivation of certain groups (possibly SH) and imparting to 
myosin an enzymatic character without, however, making it lose its hydrophilic properties. 
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THE PHOSPHORUS FRACTIONS OF MUSCLE DURING HYPOXIA 


I. G. Shcherbak 


From the Department of Biochemistry (Head — Prof. Yu. M. Gefter) of the I, P. 
Pavlov First Leningrad Medical Institute (Director — A. I. Ivanov) 


(Received August 29, 1958. Presented by Active Member AMN SSSR S. E. Severin) 


The explanation of the biochemical changes taking place in an animal during oxygen lack fs of great im- 
portance. In the greater part of the research undertaken on this subject, the changes occurring in the blood and 
urine have been investigated, and it is only comparatively recently that the study has begun of the biochemical 
changes in the organs and tissues of the animal deficient in oxygen. 


We studied the changes in the phosphorus fractions of skeletal muscle during oxygen lack induced by 
keeping the animal in a low barometric pressure of air. 


EXPERIMENTAL METHOD 


Experiments were carried out on male white rats weighing 220-260 g kept on an ordinary diet and in ap- 
proximately the same conditions. The animals were taken for the experiments in the morning, in a fasting 
state. The rat was placed in a pressure chamber with influx-extraction ventilation. In the course of 5 min- 
utes the barometric pressure in the chamber fell from its normal level to 190 mm Hg, corresponding to a “height” 
of approximately 10,000 m. The rat was kept in such a rarefied atmosphere for one hour; the barometric pres - 
sure was then restored to its original level in the course of 2 minutes, the anima! was quickly taken from the 
pressure chamber and killed by exsanguination under ether anesthesia. Pieces of the thigh muscles were taken 
and immediately frozen in liquid oxygen. Control rats were killed in precisely the same way and at the same time, 


The frozen muscle was ground in a mortar with the addition of liquid oxygen and weighed samples of the 
frozen muscle powder were taken for estimation of the following fractions: 


1) total phosphorus (after mineralization with H,SO, with addition of H,O,); 
2) lipoid phosphorus (after mineralization of lipids extracted with Bloor’s mixture); 


3) creatine phosphate by A. M. Alekseeva's method (estimation as creatine; result calculated in terms of 
creatine phosphate phosphorus); 


4) acid-soluble phosphorus; for this test the muscle powder was added to a 4% solution of CCl,COOH and, 
after extraction for 24 hours, a certain proportion of the extract was mineralized with H,SO, and H,Q,. The 
inorganic phosphorus content of another sample of this extract was estimated, representing the total preformed 
inorganic phosphorus and the creatine phosphate phosphorus. 


In every case (apart from the estimation of creatine phosphate as creatine) the final step was the colori- 
metric estimation of the inorganic phosphorus by the Fiske-Subbarow method. 


The results were calculated as mg% per known weight of frozen muscle powder. In practice, this was iden- 
tical with the concentration in fresh muscle; although the mean value of the dry residue of frozen muscle powder 
was slightly greater than the mean value of the dry residue of the fresh muscle, this difference was not statisti- 
cally significant. 
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Phosphorus Fractions of Skeletal Muscle of White Rats, Normal (Control) and Exposed for 
One Hour to the Action of a Low Barometric Pressure (Experiment) 


Control Experiment 


evaluation of signi - 
ficance 


Total phosphorus 244.5 |-+-1.07/236.0 |4-1.8 |—8.5 
Lipoi phosphorus 46.4 |4+0.48) 48.6 |+0.57)+2.2 
Acid-soluble phosphorus 184.2 15)—7.1 


Inorganic phosphorus + creatine 
phosphate phosphorus 90.0 |--0.84] 80.5 |4+0.93]|—9.5 


Creating phosphate phosphorus 57.0 |4+0.6 |47.9 |40.88)—9.1 


Dry residue of muscle (in %) 23.63}-+-0. 12} 23.74/-+-0. 16]+-0. 11 


Dry residue of muscle powder 
(in %) 24.19|+-0 37| 24.34]+-0.37]+-0.15 


Altogether 42 control. rats and 42 rats exposed for one hour to the action of a lowered barometric pressure 
wereinvestigated. The degree of rarefaction in the experiments was almost at the limit beyond which rats 
would die (according to data in the literature rats begin to die at rarefactions corresponding to a height of rough- 
ly 10,000 to 11,000 m [4}). No rat died in the pressure chamber in our experiments, During their stay in the pressure 
chamber at 190 mm Hg for one hour the animals were usually quiet, sitting or lying down and only occasionally 
changing their position; marked acrocyanosis was observed; respiration was usually deep and rhythmic, at a rate 
of 120-160 per minute (in some rats the respiration fell to 70-80 per minute). 


All analysis were made separately for the muscles of the right and left thighs (no regular difference was 
found between them under these circumstances). Both results were discarded if the difference between them ex- 
ceeded 10%; in the remaining cases the mean value of the results of the parallel experiments was calculated and 
the mean values thus obtained were analyzed statistically. 


. EXPERIMENTAL RESULTS 
The results of our experiments are shown in the table. 


It can be seen from the table that after the rat had remained for one hour in the pressure chamber at a 
"height" of about 10,000 m, the creatine phosphate, acid-soluble and total phosphorus contents of the skeletal 
muscle of the animal fell; the lipoid phosphorus of the skeletal muscle rose slightly, and as statistical treatment 
showed, this increase was not absolutely significant but very probably so. 


It was interesting that both the creatine phosphate phosphorus and the sum of the creatine phosphate phos- 
phorus and the preformed inorganic phosphorus fell in our experimental conditions by the same amount; hence 
that the content of preformed inorganic phosphorus in the muscle did not change during the anoxia. In fact the 
concentration of preformed inorganic phosphorus (calculated by the difference between the inorganic phosphorus 
of a 24-hour trichloroacetic acid filtrate and the creatine phosphate phosphorus) in the skeletal muscle of normal 
rats was on the average 33 mg%, with a mean error of 4 0.73 mg%, and in the experimental group of rats it was 
on the average 32.6 mg% with a mean error of * 0.72 mg%, i.e., it did not differ from the controls. The value 
obtained for the prefortned inorganic phosphorus was high, since in the course of extraction of the muscle tissue 
with trichloroacetic acid solution for 24 hours a part of the labile phosphoric esters was hydrolyzed, with the 
formation of inorganic phosphate. In order, therefore, to provide stricter confirmation of the correctness of the 
conclusion that the true inorganic phosphorus content of the muscles in the conditions of our experiment was un- 
changed, we carried out further analogous experiments on 5 normal rats and on 5 rats kept for one hour in the 
pressure chamber at a “height” of about 10,000 m. In these experiments the inorganic phosphorus of the trichlo- 
roacetic acid extract of the muscle was determined after extraction for one and for 24 hours. The difference was 
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very constant and amounted for normal rats to 7.4 mg% (mean value of 10 determinations), and for the rats of 
the experimental group, 7.2 mg% (mean of 9 determinations). 


It may thus be concluded that the content of creatine phosphate, acid-soluble and total phosphorus in the 
skeletal muscle of rats fell during anoxia, whereas the concentration of true inorganic phosphorus was unchanged. 
These changes were not the result of the redistribution of water in the body, since the percentage content of 
water in the muscle in our experimental conditions was unchanged. 


We believe that the results obtained maybe explained in the following way. A fall in the total and acid- 
soluble phosphorus in skeletal muscle during anoxia evidently took place in consequence. of a fall in the level of 
creatine phosphate, which itself arose as the result of the predominance of decomposition of high-energy phospho- 
rus compounds over their resynthesis. The liberated inorganic phosphate could not be fully utilized for rephos- 
phorylation, since oxidation phosphorylation in conditions of hypoxiais limited. No increase took place, however, 
in the content of inorganic phosphate in the muscle, and presumably the excess phosphate which develcped was 
transferred to the blood stream and, possibly, excreted from the body. 


There are, in fact, indications in the literature of an increase in the inorganic phosphate in the blood in 
anoxia, and of the increased excretion of phosphate in the urine of an animal kept under hypoxicconditions [1-3]. 


I regard it my duty to express my gratitude to Prof. Yu. M. Gefter for his guidance and help in the execu- 
tion of this work. 


SUMMARY 


The author studied 42 normal and 42 rats subjected to lowered barometric air pressure (190 mm Hg.) for the 
period of one hour. Under these conditions the content of creatinphosphate, acid-soluble and total phosphorus is 
decreased in the skeletal muscle of rats, while concentration of preformed inorganic phosphorus remains unchan- 
ged. The lipoidal phosphorus content somewhat increases, but this rise is not statistically confirmed, though quite 
probable. 
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INCORPORATION OF s*§ - METHIONINE IN THE SERUM PROTEINS 
4 OF IRRADIATED DOGS AFTER LOSS OF BLOOD 


4 V. M. Rodinov, A. V. Chudinovskikh, Zh. A. Antokol'skaya 

and L. A. Loboda 

F rom the Institute of Biological and Medical Chemistry (Director —-Active Member 
AMN SSSR V. N. Orekhovich) of the AMN SSSR, Moscow 


(Received August 21, 1958, Presented by Active Member AMN SSSR V. N. Orekhovich) 


The study of the effect of irradiation of the biosynthesis of serum proteins is also of interest to the explana- 
tion of the general mechanism of the biological action of ionizing radiation and to the solution of the more 
specialized problem of the treatment of blood loss combined with radiational trauma, The study of the rate of 
a syuthesis of the serum proteins in irradiated animals has been the subject of several investigations (5-7, 10}. Be- 
4 cause of the contradictory nature of the results obtained, however, no definite conclusions have emerged from 


this research. 


q We accordingly decided to make a further investigation of the rate of incorporation of s** — methionine in 
the different fractions of the serum proteins in control and irradiated animals. The investigation was carried out 
on dogs subjected to loss of blood. As shown by V. D. Blokhina [1), irradiation produces in dogs a fall in the al- 
bumin concentration and a tise in the concentration of a - and 6 -globulins in the serum, It has also been estab- 
lished [3] that after blood loss these changes become more pronounced, 


EXPERIMENTAL METHOD 


Experiments were carried out on adult male mongrel dogs of various weights and ages. 


The technique of bleeding and of subsequent replacement of the lost blood with Ringer's solution, the de- 
termination of the volume of the circulating blood by means of the dye T-1824, and the determination of the 
concentration of the serum proteins with the electrographic separation on paper have been described previously 
[4]. 
The volume of blood lost amounted to 5-5.5% of the body weight. Irradiation was carried out by paired 
RUM-® apparatus at 195 kv and 15 ma, Filters 0,5 Al and 1.0 Cu, Skin-focus distance 1m, Radiation dose 
700 r with a dose rate of 9 r/ minute. e 


3 s** —methionine was injected intramuscularly on the 3rd day after blood loss. The dogs received no food 
a for 18 hours before administration ofamino acid and for 10-12 hours afterwards. The time of administration of 
a the label was chosen in accordance with previous findings [4], showing that at this time the appearance of extra- 
vascular reserves of serum proteins in the blood stream has virtually ceased. Radioactive methionine was inject- 
ed in a dose of 0.006-0.01 uC/g body weight. Blood samples were taken at different times — from 1 to 24 hours 


4 after injection of the methionine, The intensity of incorporation of the label in the proteins was judged by their — 
4 relative specific activity, i.e., by the ratio of the activity of 1 g of protein to the activity of S —methionine = 
g injected per 1 g body weight. The activity of the protein was determined with a gas-flow counter, For this pur- * 
q pose 2 mg of protein was placed on the target, made from foil with an area of 2cm . 
. A preparatory electrophoretic separation of the serum proteins into fractions was carried out in a starch gel, 
an 
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in a specially constructed apparatus. The albumin 
obtained by this method contained no electropho- 
retic contaminants. The a, -globulin contained a 
trace of albumin. In order to purify it, after pre- 
cipitation with trichloroacetic acid, the property 
of albumin to dissolve in alcohol was utilized. The 
Og -globulin fraction contained 14% of an admix- 
ture of a, - and a, -globulins. The rest were more 
heterogeneous. The fraction conventionally de- 
signated 6 , -globulin contained about 40% of 8, 
globulin, about 30% of 8, -giobulin and 15% each 
of a and y -globulins, and the fraction conven- 
tionally designated 8, -globulin contained about 
50% of Bz -globulin, about 30%of & -globulin and 
about 20%of the a- andy - fractions, while the y- 

0 ——en globulin fraction contained about 20%of admixed 
“668M &% 246802 B-globulins. The a,- and ay, - globulin fractions 
s*5_ methionine were not separated. * 


Imp/min:mg 


Imp/min-mg 
S 


Hours after injection of 


Changes in the activity of the albumin (a) and a,- 
globulin (b) during the first 24 hours after injection 
of radioactive methionine to dogs. 1) Irradiated In the figure are illustrated the changes in 
animals; 2) control animals, the activity of the alburnin and a, -globulins in 

the course of the first 24 hours after injection of 

s** -methionine to control and irradiated animals, 
It can be seen from the graph that the activity of the serum albumin in both the control and irradiated animals 
reached a maximum 10-12 hours after the administration of the labeled aminoacid. The same thing was ob- 
served in respect to the ag - and both 8 -globulins of the serum of these animals. On comparing the peaks of the 
activity of the a, -giobulins in the same groups of dogs it can be seen that the most active samples of this pro- 
tein were isolated from the serum of the irradiated dogs 5-8 hours after injection of the methionine, and in the 
control animals after 10-12 hours. In the table are given the values of the maximum relative specific activity 
(MSA) of the different fractions of the serum proteins of the control and irradiated dogs. For all proteins except 
the a» -globulin of the irradiated animals the results given are of the activity of samples isolated 9-12 hours 
after the injection of S35 -methionine (for the a, -globulin, after 4-8 hours). 


EXPERIMENTAL RESULTS 


It can be seen from the table that the maximum relative and specific activity of the total proteins of the 
serum was in all cases higher in the irradiated dogs. 


Irradiation affected the activity of the individual fractions of the serum proteins differently, however: the 
maximum relative and specific activity of the albumin in the control animals was almost twice that of the irra- 
diated animals; the maximum relative and specific activity of the o,-globulin fraction was higher in the group 
of irradiated dogs; the same applied also the the 8, -globulin fraction, but on account of its heterogenicity it was 
difficult to say to what degree the increase in its activity was due to the 6; -globulins themselves; the maximum 
relative and specific activity of the other fractions differed insignificantly in the control and experimental 
animals. 


Since the reports in the literature suggest that the albumin and the main bulk of the a-globulins are syn- 
thesized in the liver [8, 9], the changes in such factors as permeability, dilution of the label and so on must have 
affected the specific activity of both proteins equally, The reduction in the specific activity of the albumin of 
the irradiated dogs with, at the same time, an increase in the specific activity of the a, -globulin, permits the 
assumption that, comparing the irradiated animals with the controls, changes have occurred in the processes di- 
rectly determining the rate of incorporation of methionine in the proteins examined, and furthermore that the 
rate of incorporation into the albumin fell whereas that into the ag -globulin (and, possibly, also the 6 ,-globu- 
lin) was increased. Such a conclusion is not, however, in agreement with the findings of Kay and Entenman [7], 


Stevens, Gray and Schwartz [10] and of E. P. Smolichev [5]. 


* The authors express their gratitude to V. D. Uspenskaya and V. P. Polyakov for taking on the task of determin- 
ing the purity of the fractions in the Tiselius-Svensen apparatus. 
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Relative Specific Activity of the Serum Proteins of Control and Irradiated Dogs after 
Blood Loss 


Relative specific activity 
globulins 


. spec. 
activity 


Character of expt. 


Control 


Mean 


Irradiation 


Kay and Entenman found that during incubation of liver slices from control and irradiated rats in the pre- 
sence of radioactive glycine, this aminoacid was more rapidly incorporated in the proteins of the slices taken 
from the irradiated animals. In this basis, these authors came to the conclusion that the fall in the albumin 
content and the increase in the serum globulin content of the irradiated animals could not be explained by dis- 
turbance of the synthesis of these proteins in the liver. It is doubtful, however, whether such a conclusion is jus- 
tified from these findings. S. Ya. Kaplanskii, A. E. Gurvich and L. K. Starosel'tseva [2] showed recently by 
means of immunochemical method that only an insignificant part of the total quantity of soluble liver proteins 
are identical with the serum proteins. This makes it very doubtful that the rate of synthesis of the serum pro- 
teins can be estimated by the rate of incorporation of a labeled aminocid into the total protein of liver slices. 


Stevens et al. [10] studied the incorporation of $* -methionine into the aibumin and globulins in rabbits 
before and after these animals were irradiated. These authors separated the serum proteins into 2 fractions — al- 
bumin and globulins — by means of precipitation of the latter with sodium sulfate. In the irradiated animals the 
specific activity of the proteins of both fractions, just like that of the total serum protein, was increased. These 
findings thus differed from those described in our paper in respect to the albumin. 


As V. D. Uspenskaya has shown, the ag -globulins of the dog are no less soluble than the albumin. It is 
possible that one of the q -globulins of the rabbit is also not precipitated by sodium sulfate in the concentration 
used by the American workers. In such a case the increased incorporation of the label in this protein might have 
masked the fall in the incorporation of the aminoacid in the albumin. It is interesting that Gabriel and Chang 
[6], who separated the proteins by the method of paper electrophoresis, showed that in rats, irradiation affects 
the incorporation of $* -methionine in the different fractions of the serum proteins unequally, 


E. M. Smolichev [5] studied in rabbits the action of internal irradiation on the incorporation of s** -meth- 
ionine in the serum proteins, The internal irradiation of the rabbits was given by injecting the animals with 
large doses of p* . Just as in response to external irradiation, the animals ahowed a fall in the concentration of 
serum albumin in the blood and an increase in the concentration of the 6 -globulins. E. P. Smolichev found that 
the time interval between the injection of the label and the maximum activity of all fractions of the serum pro- 
teins in the irradiated animals was lengthened to several days. On the basis of this observation, the author coh- 
cluded that there was a fall in the rate of synthesis of all fractions of the serum proteins in rabbits exposed to 
irradiation. 


As has been shown above, we were unable to detect the irradiated dogs any increase in the time during 
which the activity of the different fractions of the serum proteins reached its maximum. It is obvious that the 
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activity of the protein synthesized in the body after the administration of the labeled amino acid can only in- 
crease while the ratio between the number of its "labeled" and "unlabeled" molecules present in the body in 
the free state, is greater than this ratio for the molecules of the same aminoacid incorporated in the protein. 
The presence of a high concentration of free labeled aminoacid in the body for a period of several days after 
its injection is unlikely. This suggests that the phenomenon observed by E. P. Smolichev is not connected with 
a dalay in the incorporation of labeled amino acids in the serum proteins, but is the result of some error in tech- 
nique. Thus the reports that the rate of incorporation of aminoacids in the different fractions of the serum pro- 
teins is changed by the action of irradiation in a uniform manner in our opinion requires verification. 


The material presented in the present paper demonstrates that the fall in the serum albumin concentration 
and the increase in the a- and 6 -globulin concentrations in the blood of irradiated animals are accompanied 
by an increase in the rate of incorporation of aminoacids in the globulins (in dogs, in the og and, possibly, the 
8 ,-globulins) and by a decrease in the rate of incorporation of this aminoacid in the serum albumin, This can 
be regarded as an index of the decrease in the rate of synthesis of the serum albumin in the frradiated animal, 
In order to have good grounds for postulating an increase in the rate of synthesis of a, -globulin, it is necessary 
to be satisfied as to the identity of the amino acid composition of this protein in the unirradiated dogs with that of 
the a, -globulin which appears in large quantities in the blood of the irradiated animals. 


From the results described and the subsequent discussion it appears that even large doses of ionizing radia- 
tion do not interfere with the processes of protein synthesis in the liver. but the normal ratio between the rates 
of synthesis of the different serum proteins in the irradiated animal may be changed and lead to an alteration in 
the protein composition of the blood plasma of the irradiated animal. 


SUMMARY 


The authors studied the $*-methionine incorporation into the electrophoretic fractions of serum proteins 
in irradiated and control dogs following blood loss. It was established that in irradiated animals the rate of in- 
corporation of the labeled aminoacid into the albumin is reduced, but in case of og -globulin (and possibly 6 ;- 
globulin) it is increased. 
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of THE PRESENCE OF A HEPARIN INHIBITOR IN THE RED BLOOD CELLS 
<i V. P. Baiuda and N. A. Gorbunova 
: From the Department of Pathological Physiology (Head — Prof. I. A. Oivin) of the 
3 Kuban Medical Institute, Krasnodar 
q (Received July 25, 1958. Presented by Active Member AMN SSSR V. N. Chernigovskit) 4 
. 4 The coagulation of the blood is a complex biologica! process requiring the participation of a large num- 
: ber of factors of the plasma, the blood cells and the tissues. The interaction of all these factors leads to the 4 
4 formation of a fibrin clot. There are, in addition, several inhibitors which prevent this process (natural anticoa - oh 
gulants), 
4 A number of workers have demonstrated the presence of thromboplastin components in the red blood cells 
7 ‘ of man and animals [1, 4, 6). 


In the present communication we describe findings showing the presence of a heparin inhibitor in the red 
blood cells of man and animals. 


EXPERIMENTAL METHOD 


Blood from human subjects, rabbits and dogs was investigated. In order to prevent the blood from clotting, 
a 1.34% solution of sodium oxalate was added in a volume of 0.5 ml to each 2 ml of blood. The plasma was 
separated by centrifugation of the blood for 5 minutes at 1000 rpm. 


To obtain a hemolyzate of red cells, the blood was washed five times with physiological saline during 
centrifugation; 0.5 ml of the washed red cells was hemolyzed in 3 ml of distilled water. 


The hemolyzate was centrifuged for 10 minutes at 1500 rpm, The top layers of hemolyzate, free from 
stroma of the red cells, were used in the experiment. 


Two series of experiments were carried out. In the first series of experiments the presence of a heparin 
inhibitor was judged by the effect of the hemolyzate on the plasma heparin tolerance, and in the second by the 
effect of the hemolyzate on the coagulation of heparinized, deprothrombinized plasma by means of thrombin. 


The plasma heparin tolerance was determined by a modification of Poller's method [8]. To 0.5 ml of 
plasma was added one unit of heparin, 0.1 mlof hemolyzate and 1 ml of 0.277% CaCl, solution. The time of 
delaying of clotting of the recalcified plasma by heparin was estimated. 


In control experiments the hemolyzate was replaced by the same volume of physiological saline. 


To determine the clotting time of the deprothrombinized plasma, 0.1 ml of hemolyzate, 0.1 unit of hepa- 
rin, 0.1 ml of thrombin solution and 9.3 ml of deprothrombinized plasma were taken. The time of appearance of 
the fibrin clot was observed. 


In the first group of control experiments of this series, hemolyzate was replaced by an equal volume of 
physiological saline, and in the second, by an equal volume of toluidin blue, which has the property of inacti- 
vating heparin. 


A further series of experiments was carried out to study the effect of the hemolyzate on the tolerance of 
the plasma to different concentrations of heparin (0.5, 1.0, 1.5 and 2.9 units). 
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TABLE 1 


The Effect of a Hemolyzate of Red Cells on the Tolerance of 
Rabbits’ and Dogs’ Plasma to Heparin* 


Tolerance to heparin (time in sec) 
Species of {Statistical 


siological saline 
(cofttrol) 


Rabbit 122 
39 


*M-— arithmetic mean; g-square deviation; m — mean error; P — 
significance of difference. 


EXPERIMENTAL RESULTS 


The control investigations in the first group of experiments showed that one unit of heparin delayed the 


clotting of recalcified rabbits’ plasma for 192 seconds(o + 38, m 14 seconds) and dogs’ plasma + for 179 seconds 
(o *22, m#11 seconds). 


Addition of the hemolyzate to recalcified plasma increased its tolerance to heparin (Table 1). 


From the figures given in this table it can be seen that addition of the hemolyzate shortened the clotting 
time of the rabbits’ plasma by 36% (P< 0.01), and of dogs’ plasma by 25% (P< 0.05). 


Results showing the influence of the hemolyzate on the tolerance of the plasma to different concentrations 
of heparin are given in the figure. As may be seen from the figure, the addition of hemolyzate to plasma con- 
taining different concentrations of heparin produced a more rapid clotting of the plasma by comparison with con- 
trol experiments. 


The difference in the clotting time of the plasma was most clearly expressed when two units of heparin 
were present in the plasma. 


The resuits obtained in the first series of experiments suggested that the shortening of the clotting time of 
the plasma in the presence of hemolyzate was due to a heparin inhibitor contained in the red cells and possess- 
ing the property of combining with the added heparin. 


In order to confirm this suggestion a second series of experiments was performed to determine the clotting 
time of deprothrombinized plasma in the presence of hemolyzate (Table 2). 


It can be seen from the results in Table 2 that the addition of an equal volume of hemolyzate in place of 
physiological saline accelerated the clotting of the heparinized, deprothrombinized plasma. 


Experiments with toluidin blue showed that the clotting time of heparinized, deprothrombinized plasma 
was also shortened by thrombin in the presence of toluidin blue. 


Addition of the red cell hemolyzate to plasma was accompanied by an increase in its tolerance to heparin 


192 
| 38 
15 14 
| p - 0.01 
a Dog M 135 179 
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TABLE 2 


The Effect of the Hemolyzate on the Clotting Time of Deprothrombinized 


Plasma 
| Clotting time (in seconds) 
Species of blood = | control 
| 
ysiological 
saline toluidine blue 
4 
4 and by acceleration of the clotting of heparinized, ; 
a s deprothrombinized plasma under the influence of 7 
thrombin. 
On what are these changes based? We 
re 23 know that the heparin tolerance test of the plas- a 
ma is a measure of the general coagulability of 
r, 0 the blood, and depends on the concentration of <a 
a ‘ the factors which take part in the clotting of the a 
Units of heparin 
blood [7]. The heparin tolerance test is very s 
The effect of the hemolyzate on the tolerance of the 
An increase in the platelet count is accompanied 
plasma to different concentrations of heparin. —Tol- 
by an increase in the heparin tolerance of the 
‘ erance to different concentrations of heparin in the a 
a plasma, and a fall in the platelet count bya 
é presence of physiological saline. - - - Tolerance to a 
3 different concentrations of heparin in the presence of 
E hemolyzate. The change in the heparin tolerance of the 
sa plasma under the influence of variations in the 
- platelet count is mainly dependent on platelet factor III, which is the prothrombokinase of the blood, and plate- 
i let factor IV, which is antiheparin, and inhibits the antithromboplastin and antithrombin action of heparin. The 
% red cells of man and animals contain a thromboplastin component, similar to factor III of the blood platelets 
* (4, 9]. This explains the fact that the addition of red cell hemolyzate to plasma considerably shortens the re- 
4 calification time of the plasma and increases the prothrombin utilization inthe process of clotting of the blood. 
4 In our experiments, however, the addition of hemolyzate to heparinized plasma considerably raised its tolerance 
a to heparin. 
3 On the basis of the data in the literature and of our previous work [1] it may be assumed that the increase 
-— in the heparin tolerance of the plasma after the addition of hemolyzate depends either on the presence of a 
= 


thromboplastic component in the red cells, or on the presence of a new factor — antiheparin — similar to the 
antiheparin factor of the blood platelets. 


If the increase in the heparin tolerance of the plasma is associated with a thromboplastic component of 
the red cells, in these conditions the tolerance is therefore determined by the amount of blood thromboplastin 
formed, since heparin possesses the property of destroying thromboplastin, In the presence of a large amount of 
thromboplastin, part of it may remain intact, and this may be accompanied by an increase in the heparin toler- 


ance of the plasma, 


The heparin tolerance of the plasma may also depend, however, on the presence in the red cells of a 
heparin inhibitor — antiheparin. This hypothesis was confirmed by the second series of experiments, in which 
the action of the thromboplastic component of the red cells was excluded. In this series we studied the effect 
of the hemolyzate on the clotting time of heparinized, deprothrombinized plasma under the influence of addi- 
tion of excess thrombin. The absence of prothrombin from the plasma excluded the effect of the thromboplastic 
component on the clotting time of the plasma, which depended purely on the activity of the added thrombin and 


the amount of heparin. 


As may be seen from the data in Table 2, the addition of red cell hemolyzate to heparinized plasma 
shortened its clotting time. The increased coagulability of the plasma in these conditions may be explained by 
a decrease in the antithrombin activity of the heparin, which is evidently associated with the presence of hepa- 


rin inhibitor in the red cells. 


The control experiments with toluidin blue, which possesses the property of inactivating heparin, confirmed 
this hypothesis. In the presence of toluidin blue the clotting time of heparinized plasma under the influence 
of thrombin was shortened by the same degree as after the addition of the red cell hemolyzate. 


From the results obtained, it may thus be concluded that in the red blood cells of man, rabbits and dogs 
a heparin inhibitor is present. A similar hypothesis has also been put forward by Cappeletti [2]. 


It has recently been shown that phospholipids, isolated from the soya bean, possess an antiheparin action 
[2]. It is possible that the heparin inhibitor is the phospholipids of the red cells. 


SUMMARY 


The paper contains data on the presence of heparin inhibitor in erythrocytes of man, rabbits and dogs. 
The presence of heparin inhibitor in the erythrocytes was judged by the effect of the water erythrocytic hemo- 
lyzate on the tolerance of the plasma to heparin and coagulation time of the heparinized deprothrombinized 
plasma, with thethrombinin excess. It was established that the plasma tolerance to heparin rises when erythro- 
cyte hemolyzate is added to the former. The coagulation ability of heparinized deprothrombinized plasma 
(caused by the thrombin action) rises in the presence of erythrocytic hemolyzate. The above phenomena are 
explained by the presence of heparin inhibitor in erythrocytes. 
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A BIOCHEMICAL ANALYSIS OF BIOLOGICAL PREPARATIONS 
STIMULATING REGENERATION CF THE MYOCARDIUM IN RATS 


V.tL. Mant'’eva 


From the A. N. Severtsov Institute of Animal Morphology of the AN SSSR, 
Moscow 


(Received March 11, 1958. Presented by Active Member AMN SSSR S. E. 
Severin) 


In order to restore the lost powers of regeneration of the limbs of the tailless amphibia, with a view to 
stimulating destruction and dedifferentiation, the method of traumatization has been used [3]. The regenera- 
tion and development of animal organs are also readily stimulated by biological preparations obtained from the 
tissues of homologous organs [2, 5, 6, 8). In our experiments, after causing injury to the myocardium of rats by 
means of diathermy coagulation, and the subsequent injection of the animals with hydrolyzates and tissue ex- 
tracts of the rat's heart, lysis of the old, necrotic tissues was accomplished 2} times more quickly, dedifferentia - 
tion of the cut ends of the muscle was stimulated and regeneration of the young muscles in the focus of injury 
was intensified [4]. 


M. P. Tushnov [7] believed that the active principle of his organ preparations was the polypetides and 
peptides. 


Protein-free extracts of the mammalian heart are nowadays used abroad in the treatment of various forms 
of cardiac insufficiency [9, 10). There are indications that their active components are adenylic acid, histamine 
and choline [11]. 


The aim of our research was to ascertain the biochemical composition of a hydrolyzate and tissue extract 
of the rat's heart used for the purpose of stimulating the regenerating power of the myocardium. 


EXPERIMENTAL METHOD AND RESULTS 


Believing that the principal active factors of the preparations were proteins and their decomposition prod - 
ucts, we made a preliminary determination of these in respect tothe following constituents; 1) nitrogen — to- 
tal, protein, nonprotein, amino-; 2) the number and character of the fractions revealed by amide black during 
paper electrophoresis; 3) the number of stains appearing with ninhydrin during paper chromatography; 4) the dry 
weight and pH. 


In the 1956 experiments the hydrolyzate of rats' hearts was obtained by means of an acid 87% glycerol 
extract of rabbit's liver, but in the 1957 experiments, by means of cathepsin from the spleen [2]. Fresh rats’ 
hearts, washed free from blood, were ground up and hydrolyzed,at 37° in a citrate buffer at pH = 4.4 for 18 hours, 
by the action of cathepsin, the course of the hydrolysis being controlled by the biuret test. The product was fil- 
tered and vacuum-dried at room temperature. Before use, the hydrolyzate was diluted to contain 0.0086 mg/ml 
(as dry weight) in 0.85% NaCl solution. The animals were treated with 7 subcutaneous injections of a dose of 
0.5 ml every other day. 


The tissue extract of the rats’ hearts was prepared from fresh rats’ hearts, washed free from blood. The 
hearts were ground up, and a cold 0.85% solution of NaCl added until 28% and 14% extracts of the crude tissue 
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TABLE 1 


Characteristics of the Hydrolyzate and 14% Extract of Rats’ Hearts 


Nitrogen, mg/ml 


Preparation mg/ml total protein protein | amino- 
Hydrolyzate of rats'hearts | 929 | 5 1.102 | 0.812 | 0.290 | 0.471 
Extract of rats" hearts 13.2 | 7 0.560 0.168 0.382 0.006 

TABLE 2 


Characteristics of the Extract and Hydrolyzate of Rats’ Hearts Injected into Each 
Experimental Rat 


Nitrogen injected into rat, mg 


non- 
protein 


Preparation 
injected into 


Preparation 


protein | amino- 


Hydrolyzate of rats’ 0.03 
hearts 99 
Extract of rats* hearts 


0.0006 


0.0015 0.0011 0.0004 
0.037 


4. 200 1.260 


were obtained, The extract was allowed to stand for 1 hour at a temperature of +2° to +4° and filtered through 
paper; 5 injections of the 28% extract and 5 injections of the 14% extract were given subcutaneously every other 
day. The general features of the hydrolyzate investigated in a dilution of 22 mg/ml and of the 14% extract of 
the rats’ hearts are described in Table 1. 


The total and nonprotein nitrogen were determined by the micro-Kjeldahl method; the protein nitrogen was 
obtained by subtracting the nonprotein from the total nitrogen; the amino-nitrogen was determined by Van Slyke's 
method, and the pH colorimetrically. In Table 2 are shown the characteristics of the extract and hydrolyzateof 
rats’ hearts injected into each rat (in the course of the experiment). 


For separation of the biological preparations we used the paper electrophoresis method. Solutions of the 
preparations were poured on to strips of “slow” filter paper of Soviet manufacture, 34 cm long and 3.5 cm wide. 
The experiment was conducted in a humid chamber for 16-19 hours at room temperature. The experimental 
conditions were as follows: voltage applied to the strip 130 v, current along the strip 0.75 ma, phosphate buffer 
pH = 7.4. The electrophoregrams were developed with amide black [1]. 


In the heart extract 3 components were found to be stained by amide black: two clearly defined compo- 
nents moved toward the anode, and the third component was ill-defined at its margins and remained at the 
point of application. When the electrophoregrams of the extract were compared with the electrophregrams of 
the blood serum of rats, obtained under the same experimental conditions, we found that the mobility of the 
components of the extract was close to the mobility of the albumin and the a,- and y -globulins of the serum. 


Electrophoresis of the hydrolyzate of the hearts was carried out in the same conditions. In the hydrolyzate 
2 components were found: one moved toward the anode, the other had ill-defined edges and remained at the 
point of application. The mobility of the components was close to that of the albumin and y-globulin of the 
blood serum of the rat. 


For the preliminary chromatographic analysis of the free amino acids of the enzymic hydrolyzate and the 
extract of the rats’ hearts, we used “slow” chromatographic paper of Soviet manufacture. The preparations for 
analysis were purified from proteins with alcohol and concentrated in a vacuum drier. The aminoacids were 
dispersed in a mixture of n-butyl alcohol — glacial acetic acid — water for 10-12 hours (descending linear chro- 
matogram), The chromatograms were at first dispersed in a 4 ; 1; 5 mixture (upper layer), and then, after slight 
drying, in a 50 ; 15 : 5 mixture (one or two phases). 
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In the hydrolyzate 11 stains were found, belonging to lysine, arginine, asparaginic acid, glycine, gluta- 
minic acid, alanine, proline, tyrosine, valine, phenylalanine and leucine; in the extract there were 10 stains, 
among which the same amino acids were found, with the exception of arginine, proline and tyrosine. Two stains 
in the extract could not be identified. It is possible that the hydrolyzate also contained peptides, which coin- 

cided in position with the amino acids. 


In our experiments the hydrolyzate of rats’ hearts was more active than the extract. The hydrolyzate pro- 
duced intensive destruction and dedifferentiation of the muscle stumps, accelerated the processes of lysis of the 
necrctic tissues and stimulated the growth of the newly formed fibers. In the dilutions which we employed it 
contained very small amounts of protein, nonprotein substances andaminoacids. We believe that the polypep- 
tides liberated in the process of hydrolysis could stimulate dedifferentiation of the muscle stumps, since the ex- 
tract hardly stimulated destruction and dedifferentiation of the muscles nor lysis of the necrotic tissues at all. 
The extract did, however, considerably stimulate the processes of cell proliferation and in particular, growth of 
the newly formed muscle fibers. Evidently one of its component parts must have had this effect on the processes 
of growth and cell proliferation. The different biological activity of our preparations must have depended on 
their chemical composition and dosage. 


The hydrolyzate contained little native protein and many of its decomposition products; the extract contained 
much protein and few decomposition products; the ratio of amino- nitrogen to total nitrogen for the hydrolyzate 
was about 40%, and for the extract, about 1%. The active part of the hydrolyzate may be the compounds libera- 
ted in the process of hydrolysis, which in the extract are present in a combined state. Hydrolyzate was used and 
showed its activity in small doses, extract in large; during the whole period of treatment of a single rat in the 
experiment, 0.03 mg of the dry substance of the hydrolyzate was injected, as compared with 99 mg of the dry 
substance of the extract, i.e., by dry weight, 3300 times less hydrolyzate than extract was administered, 


The object of further research will be to define more precisely the chemical composition of the prepara- 


. tions and to discover the active fractions which stimulate regeneartion of the myocardium as a whole and the 
a different phenomena of this biological process (destruction and dedifferentiation of tissues, cell proliferation 
and growth). 


SUMMARY 


For stimulation of regeneration of rat's myocardium the authors used a hydrolyzate and an extract of rat's 
heart. It was shown by the method of electrophoresis on paper that the hydrolyzate consists of 2 components 
similar by their motility to the albumin, and y-globulin of the blood serum of rats. The extract contains 3 
components similar by their motility to the albumin, a,- and y-globulin of the blood serum of rats. The chroma - 
tographic analysis of the free amino acids of the hydrolyzate demonstrated the presence of arginine, lysine as- 
paraginic acid, glycine, glutamic acid, alanine, proline, tyrosine, valine, phenylalanine and leucine. The 

same amino acids except arginine, proline and tyrosine were revealed in the extract. The quantity of nitrogen, the 
dry weight and pH were also determined in the preparations. We consider that proteins, nucleoproteids and the 
products of their disintegration comprise the active part of the preparation. 
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CHANGES IN THE ASCORBIC ACID CONTENT OF THE WHITE 
BLOOD AS AN INDEX OF THE VITAMIN C CONDITION OF THE 


BODY 


A. A. Anisova 


From the State Research Institute of Vitaminology of the Ministry of Health of 
the USSR, Moscow 


(Received September 8, 1958. Presented by Active Member AMN SSSR B. A. 
Lavrov) 


In a number of papers by foreign authors there are indications of the existence of a connection between 
the ascorbic acid content of the white cell-platelet layer of the blood and the intake of vitamin C, From the 
point of view of method, the investigations described differ in the method of separation of the white cell-plate- 
let layer (from exudate [4, 7], from whole blood [2, 8] etc.) and in the method of estimation of the ascorbic 
acid (by means of 2-4-dinitrophenylhydrazine [1, 7] and others and 2-6-dichlorophenolindophenol [2, 4] and 
others). The results obtained by these authors cited showed that the ascorbic acid content in the white cell-pla- 
telet layer fell when the dose of vitamin C was reduced. 


Butler and Cushman [2] observed that the ascorbic acid content of the white cell-platelet layer of the blood 
was the best index of saturation of the animal body with the vitamin. Lubschez [6] found greater constancy in 
the ascorbic acid content of the white cell-platelet layer of the blood than in the plasma, In the paper by Cran- 
don [3] it is pointed out that the development of signs of scurvy is accompanied by a fall in the ascorbic acid 
content of the white cell-platelet layer of the blood. Lowry [5] came to the conclusion that the ascorbic acid 
content of the white cell-platelet layer of the blood could be used as a criterion of the vitamin C requirement. 
The aim of the present research was to make as detailed an investigation as possible of the changes in the ascor- 
bic acid content of the white cell-platelet layer of the blood in relation to the dose of vitamin C in experiments 
of long duration on animals, so that if definite results were obtained, observations on human subjects could sub- 
sequently be made. 


EXPERIMENTAL METHOD 


Observations were made on guinea pigs. Blood was taken from the heart of the animals, The ascorbic acid 
content was estimated by means of 2-4-dinitrophenylhydrazine by the method suggested by Bessey [1], except 
that the blood was taken in larger volume: 0.6 ml instead of 0.1 ml. Furthermore, Bessey obtained the white 
cell-platelet layer by slow centrifugation, whereas the method we used was as follows: by rapid centrifugation 
of whole blood in a specially shaped tube for 10 minutes, the red cell ami white cell-platelet layers of the blood 
were separated, The tube consisted of three parts: an upper wide part (intemal diameter 7 mm, height 40 mm), 
a middle narrow part (diameter 3 mm, height 35 mm) and a lower spherical part (diameter 5 mm). 


The red cell layer settled in the spherical part and occupied an insignificant volume of the narrow part of 
the tube. The white cell-platelet layer settled in the narrow part of the tube (above the red); it was collected 
in a Pasteur pipette with a rubber balloon (under these circumstances a small portion of the red cell layer entered 
the _ pipette), after which it was transferred to a hematocrit and centrifuged once again. Next the white cell- 
platelet layer was extracted by means of a capillary pipette, transferred to a tube and estimated by Bessey's meth - 
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S| 


platelet layer of the blood (in mg %) 
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Ascorbic acid content (in mg%) of the white cell- 


platelet layer of the blood (in mg %) 
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Doses of ascorbic acid (in mg) 
Fig. 1. Ascorbic acid content (in mg%) of 
the white cell-platelet layer of the blood of 
guinea pigs at the end of an experiment in 
which large doses of ascorbic acid were gi- 
ven daily to the animals for a period of 6 
months. First experiment. 1) Individual 
results; 2) mean results for the groups. 


Fig. 2. Ascorbic acid content (in mg%) of the 
white cell-platelet layer of the blood of guin- 
ea pigs at the beginning and end of the experi- 
ment. Duration of experiment 2 months. 1) 
Individual results at the beginning of the ex- 
periments; 2) mean results for the groups at 

the beginning of the experiment; 3) individual 
results at the end of the experiment; 4) mean 
results for the groups at the end of the experi- 
ment, 


Experiments were carried out on young male guinea pigs weighing 300-320 g. The guinea pigs arrived at 
the laboratory weighing 200 g. In the period preceding the experiment the guinea pigs received a scorbutic 
diet, consisting of oats, bran, hay and water. Separately from the diet the animals were given ascorbic acid 
daily in a dose of 25 mg in aqueous solution, 833 i. u. of vitamin A and 15 i. u. of vitamin D in sunflower oil. 
Animals whose weight had reached 300-320 g were selected for the experiment and were divided into groups. 
The experiment lasted 6 months. During the course of the experiment the guinea pigs received the same diet 
and the same doses of vitamins A and D, but the different groups were given different doses of ascorbic acid : 
2.5, 10, 20 and 30 mg. The ascorbic acid content of the white cell-platelet layer of the blood was determined 
at the end of the experiment. 


EXPERIMENTAL RESULTS 


With comparatively large doses of ascorbic acid, the white cell-platelet layer of the blood of the guinea 
pigs was rich in vitamin C; at a dose of 20 mg of ascorbic acid, the content was. almost twice (75% higher) that 
at a dose of 2.5 mg. There was no difference between the ascorbic acid content of the white cell-platelet layer 
of the groups receiving 20 and 30 mg of vitamin C (Fig. 1). Mathematical treatment of the results showed that 
the difference between the groups receiving 2.5 and 20 mg of ascorbic was close to significant (t = 2.9). 


The second experiment was a continuation of the first; it lasted 2 months. 


The fourth group, which in the first experiment received 30 mg, remained as the control, and the animals 
in it continued to receive the same dose of vitamin C as during the second experiment, and it was found that 
the mean ascorbic acid content of this group was unchanged; 20 and 21 mg’% respectively (Fig. 2). 


The first group of animals was changed from a dose of 2.5 mg to one of 1 mg of ascorbic acid. In this 
group the mean vitamin C content of the white cell-platelet layer of the blood fell slightly (from 12 to 8 mg‘), 
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The third group was changed from a dose of 20 mg to one of 1 mg of ascorbic acid. Under these circumstances 
there was a sharp fall in the vitamin C content of the white cell-platelet layer (from 22 to 11 mg% on the aver- 
age for the group). 


From an analysis of the experimental results it may be concluded that between dosage limits of 1 and 20 
mg of ascorbic acid, there is a connection between its contents in the white cell-platelet layer of the blood and 
the dose of vitamin C administered. The dose of ascorbic acid at which its means content in the white cell - 
platelet layer in guinea pigs reaches its maximum value is 20 mg (first experiement), 


The findings described suggest that the determination of the ascorbic acid content in the white cell-plate- 
let layer of the blood may be employed as one of the criteria of the vitamin C state of the body. 


SUMMARY 


In experiments on guinea pigs a relation has been established between the ascorbic acid content in the 
white cells and the dose of ascorbic acid administered, This permits us toconclude that the ascorbic acid content 
in the white cells may serve as a criterion of the vitamin C condition of the body. 
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PHARMACOLOGY 


THE IMPORTANCE OF THE INSULIN 
LIVER (INSULINASE) IN THE MECHANISM OF ACTION OF ANTIDIABETIC 


INACTIVATING PROPERTIES OF THE 


SULFONAMIDE PREPARATIONS 


S. M, Leites and N, P, Smirnov 


From the Division of Pathophysiology(Head — Prof, S, M, Leites) of the All-Union 
Institute of Experimental Endocrinology (Director — Prof, E, A. Vasyukova), Moscow 


(Received September 30, 1958, Presented by Active Member AMN SSSR 
V. N, Chernigovskii) 


We showed in a previous paper [1] that the hypoglycemic action of the sulfonamide antidiabetic prepa- 
ration nadisan (BZ 55) is not shown in depancreatized dogs, and in dogs and rabbits with alloxan diabetes the 
action of the drug is only shown when a certain proportion of the 8 -cells are intact, In normal and depan- 
creatized animals the administration of nadisan enhances the hypoglycemic effect of small doses of insulin, 
Thus the hypoglycemic action of nadisan may be revealed only in the presence of insulin in the body, either 
endogenously produced or administered from an external source, We also showed that the hypoglycemic effect 
of nadisan, and its activation of the action of insulin are accompanied by a fall in the activity of the insulinase 
of the liver, Our subsequent investigations [2] showed that in rabbits with toxic fatty dystrophy of the liver, 
caused by CCl, poisoning, the activity of the insulinase was considerably reduced, but the hypoglycemic effect 
of injection of small doses of insulin was increased, The hypoglycemia action of nadisan in rabbits with toxic 
fatty dystrophy of the liver is feebly expressed or absent, Nor does nadisan enhance the hypoglycemic action 
of injected insulin in these animals, Thus when the insulin apparatus is undamaged, the action of nadisan is 
greatly weakened if the activity of the insulinase in the liver is suppressed, 


The feeble hypoglycemic activity of the sulfonamide preparations, or even its complete absence, in 
children suffering from diabetes is a well known fact, If, in fact, the hypoglycemic effect of nadisan is con- 
nected with its inactivation of the insulinase of the liver, it is natural to suggest that in young, uninjured 
animals the insulinase activity must be less pronounced than in adult animals, and the hypoglycemic action 
of nadisan weakened, 


From this reasoning, in the present research we set out to investigate the insulinase activity of the liver 
at different age periods, determining at the same time the hypoglycemic effect of nadisan, 


EXPERIMENTAL METHOD 


Experiments were carried out on white rats of various ages; 1) before the onset of the period of sexual 
maturation (age not above 20 days, weight 30-50 g); 2) immediately after the onset of sexual maturation 
(weight 90-100 g); in adult rats (weight 170-250 g); 4) in old rats (weight 340-420 g), The insulin inactivat- 
ing properties of the liver (insulinase) were determined, as in the previous investigations [1,2] by Mirsky’s 
method, The insulinase activity was expressed by a value which was the inverse of the degree of lowering 

(in %) of the blood sugar in rabbits after injection of liver extract of rats, incubated with insulin, in relation 

to the control (liver extract, inactivated by heating, with the same dose of insulin), 
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EXPERIMENTAL RESULTS 


As may be seen from Fig, 1, the insulinase activity of adult and old rats was reasonably well expressed 
(mean values 74,2 and 68,6), {,e,,the degree of lowering of the blood sugar of the rabbit after injection of the 
liver extract of rats, incubated with insulin, was 74,2-68,6% weaker than in the control experiments in which 
the rabbit was injected with inactivated extract, In the sexually immature rats the power of the liver to 
inactivate insulin was much more weakly expressed, and in some animals it was even absent, On the average 


the insulinase activity was 15, 


In rats reaching sexual maturity (weight 90-100 g), it was within the same limits as in the adult animals 


(on the average 68,8). 


Fig. 1, Insulinase activity of the liver 
of rats of various ages, I) Adult rats 
weighing 180-230 g; Il) old rats weigh- 
ing 345-430 g; III) sexually immature 
rats weighing 30-40 g; IV) sexually ma- 
ture rats weighing 90-110 g. 


Fig, 2, The effect of injection of chor- 
ionic gonadotropin and sex hormones on 
the insulinase activity of the liver of 
sexually immature rats (weighing 30-40 g), 
I) Insulinase activity (control);IDthe same, 
after preliminary injection of 25 mg of 
chorionic gonadotropin twice a day for 5 
days; Ill) the same, after injection of 
testosterone propionate in a dose of 0,4 
mg daily for 5 days; IV) the same, after 
injection of estradiol dipropionate in a 
dose of 100 i,u, daily for 5 days, 


So far as the hypoglycemic action of nadisan is 
concerned, as may be seen from the results in Table 1, 
subcutaneous injection of 50 mg of this preparation per 
100 g body weight into adult rats led to a clearly marked 
lowering of the blood sugar concentration 3 hours after 
injection: on the average from 103 to 63 mg%, In sex- 
ually immature rats, in which, as shown above, the 
insulinase activity was either feebly expressed or absent, 
injection of nadisan (60 mg/100 g body weight) had no 
hypoglycemic effect, In rats reaching sexual maturity, 
the hypoglycemic action of nadisan was revealed in the 
same way as in the adult rats (Table 1), 


A definite parallel trend was thus observed in the 
sexually immature rats between the sharply reduced in- 
sulinase activity and the absence of hypoglycemic action 
of nadisan when the insulin apparatus was intact, 


Since it was found in the experiments that in the 
sexually immature animals the insulinase activity and 
the hypoglycemic action of nadisan were greatly dimin- 
ished or absent, it was necessary to establish to what 
extent this fact could be connected with the inadequate 
formation of sex hormones in these animals, In order to 
elucidate this problem we carried out the following 
experiments, 


Sexually immature rats weighing 30-40 g were 
given injections of 25 mg of chorionic gonadotropin 
twice a day for 5 days, which led to a considerable 
increase in the reproductive system: the seminal vesi- 
cles and prostate gland in the males, growth of the uterus 
and ovaries (with hyperemia of the latter) in the females 
to a degree 6-7 times greater than in control animals, A 
second group of sexually immature male rats received 
subcutaneous injections of 0.4 mg of testosterone propio- 
nate daily for the same period of time, and a third group 
of female rats received 100 i, u, of estradiol dipropionate 
daily, also for a period of 5 days, 


As may be seen from Fig, 2, injection of these 
hormones caused in all 3 groups of rats either intensifica- 
tion or appearance of insulin inactivating properties in 
the liver, The insulinase activity averaged 35,7-40,.6, whereas in the control group (sexually immature rats not 
receiving injections of hormones) the insulinase activity was on the average 15, Injection.of sex hormones to 
sexually immature rats thus enhanced their insulinase activity, although at the same time this activity did not 
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TABLE 1 


The Hypoglycemic Action of Subcutaneous Injection of Nadisan to Rats of Various Ages 


No. of |Initial blood lood sugar 
a sugar con- 
Age of rats raypacensod Wt ofrat mg/100 g worl pe after 3 hr 
| (in g) body wt) (in mg Op) 
Adult 8 180—230 50 103 63 
(92—120) | (50—75) 
Sexually immature 25 30—40 60 99 96 
(79—122) | (74—117) 
Sexually mature 8 90—100 50 oo 


Note (to Tables 1 and 2), 
in brackets, 


Mean values are given, The limits of variation are shown 


TABLE 2 


The Effect of Testosterone Propionate on the Hypoglycemic Action of Nadisan 
(50 mg/kg) in Adult Rats 


ae ; Rats receiving 2 mg testosterone propionate 
Rats not receiving testosterone propionate daily for 5 days 


bl 
No.of we, of rat | init blood No.of | wt. of rat | init. blood |blood sugar 


after 3 
ani: | (in mg%)! sugar conc. ani- (in mg%)| sugar cone. after 3 hours 
mals mg%) als (in mg%) — mg%) 
8 180—230 103 63 8 |170—250 103 | 60 


(92—120) (50—75) (93—114) | (48—73) 


Note, Insulinase activity of the first group of ratsis 74,2, second is 66.8 


reach its level in the sexually mature and adult animals, Parallel with the increased insulinase activity of the 
sexually immature rats subjected to the action of gonadotropin and sex hormones, the hypoglycemic action of 
nadisan began to be shown (Fig. 3). 


The insulin inactivating power of the liver (the enzyme complex designated insulinase by Mirsky [5] ) 
thus began to be revealed at a definite stage of postnatal development, and was formed in association with 
sexual maturity. 


The injection of tetosterone propionate to adult animals (2 mg/100 g body weight daily for 5 days) had 
essentially no effect on the insulinase activity of the liver nor on the hypoglycemic action of nadisan (Table 2), 
The sex hormones did not, therefore, directly activate insulinase, but merely promoted the formation of this 

enzyme system in the process of ontogenesis. 


The results described in the present communication, like those of our previous investigation [2], show 
that the hypoglycemic effect of nadisan is connected with its inactivation of insulinase, and that this action 
does not appear when the insulin apparatus is intact, if the insulinase activity of the live: is not manifest or is 
weakened, Under these circumstances we do not rule out the possibility that some part may be played in the 
mechanism of the hypoglycemic action of sulfonamide preparations by their direct stimulating effect on the 
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Fig. 3, The effect of chorionic gonadotropin and sex hormones on 
the hypoglycemic action of nadisan in sexually immature rats, 
I) Sexually immature rats (weight 30-40 g); I) the same after 
injection of 25 mg of gonadotropin twice a day for 5 days; III) 
the same after injection of testosterone propionate in a dose of 
0.4 mg daily for 5 days; IV) the same after injection of estradiol 
dipropionate in a dose of 100 i, u, daily for 5 days, 


6 -cells of the islets of the pancreas, as indicated by the findings of Colwell and Colwell (3, 4], This mechan- 
ism of the hypoglycemic action of the sulfonamides is not, however, the only one or the principal one, be- 
cause, as our results from this present and from previous investigations showed, the hypoglycemic effect of 
nadisan is not shown even when it is still possible for it to stimulate the 6 -cells, if the insulinase activity of 
the liver is absent or considerably weakened, This gives grounds for the belief that the insulinase of the liver 
(and, possibly its other enzymes) is the fundamental component of the mechanism of the hypoglycemic 
action of the sulfonamides, 


SUMMARY 


Insulinase activity is either entirely absent or is considerably lower in sexually immature rats welghing 
from 30 to 50 gm, Nadisan(BZ 55) has no hypoglycemic effect in the animals of this age, It comes with the 
sexual maturity and then nadisan exerts a hypoglycemic effect in these animals, Administration of chorionic 
gonadotropine or sex hormones to sexually immature rats is associated with appearance or intensification of 
insulinase activity and hypoglycemic effect of nadisan, Injection of testosterone propionate to adult rats 
affects neither the hepatic insulinase activity nor the hypoglycemic effect of nadisan, This shows that sex 
hormones have no direct activating action on insulinase but only promote the development of this enzyme 
system during ontogenesis, These data may lead to the conclusion that inactivation of hepatic insulinase by 
sulfonamides plays an important role in the mechanism of their hypoglycemic effect, 
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AN ELECTROENCEPHALOGRAPHIC ANALYSIS OF THE DISTINCTIVE 
FEATURES OF THE ACTION OF AMINAZINE (CHLORPROMAZINE) ON 
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Investigations in the Laboratory of the Physiology and Pathology of Aging dealing with the electro- 
encephalographic analysis of the distinctive features of natural and narcotic sleep in dogs of different ages 
have shown that in young puppies the differences in the electroencephalogram (EEG) of the cerebral cortex 
when awake and asleep are absent, It was also shown that administration of narcotic doses of sodium amytal 
to puppies ages from 1 to 18 days produces none of the slow, high amplitude potentials typical of this state 
in adult animals [3, 4, 7), These findings prompted us to ascertain whether aminazine possess neuroplegic 
properties in the course of its action on animals of different ages, 


Phenothiazine derivatives (largactil, chlorpromazine, megaphen, R,P, 4560) have now been widely in- 
troduced into pediatric practice [14, 15, 19-21 and others], Whereas the enormous spread of the use of neuro- 
plegic drugs in various diseases of adults is based on a wealth of experimental research [1, 6, 8, 12, 17, 18 and 
others], the use of these drugs in children is purely empirical, No reports of experimental work on the study 
of the characteristics and mechanisms of action of the phenothiazine derivatives as related to age are to be 
found in the literature, 


In the present investigation we made an electroencephalographic analysis of the action of aminazine 
(a drug synthesized at the All-Union Research Chemopharmaceutical Institute and the analog of _largactil, 
chlorpromazine and megaphen) on the functional state of the brain in puppies ages from 1 day to 3 months in 
comparison with its action on adult dogs, 


EXPERIMENTAL METHOD 


E xperiments were carried out on untied puppies kept on a soft litter in a box, which restricted their 
mobility but did not prevent them from adopting a free position, The EEG was recorded with bipolar leads, 
using needle electrodes, The parietal lead was the one mainly used, with an interpolar distance of 1-1,2 cm, 
The recording was made by means of a two-channel electroencephalograph (oscillograph) with an ink tracing, 
The transmission band was from 1 to 100 cps, Amplification — 1 cm — 50 pv. 


An aqueous solution of aminazine was injected intramuscularly in doses of 4 to 200 mg/kg. The doses 
mainly used were from 4 to 20 mg/kg, lying within the limits of the doses tolerated by dogs (8, 11). 


Altogether 5 adult dogs and 52 puppies, ages from 1 day to 3 months, were investigated, 
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EXPERIMENTAL RESULTS 


In the adult dogs, injection of aminazine in doses of 4-5 mg/kg caused after 20-30 minutes a tranquil 
and drowsy state, with a lowering of muscle tone, In the EEG a change was observed from the so-called desyn= 
chronized rhythm (35-60/ sec;Fig. 1, a) to a synchronized rhythm of alpha type, with the appearance of 
spikes (see Fig, 1,b), After injection of aminazine in doses of 15-20 mg/kg, after only 10 minutes slow waves 
of high amplitude appeared (60-75 »v), of the theta type ~ 4-5/sec (see Fig. 1, c), These waves 1 ere domi- 
nant in the EBG of the adult dog for the 2=4 hours after injection of aminazine, when the dog was in a state of 
cataplexy and light sleep (see Fig, 1, d, e, f, gh), The frequency of the oscillations then began to increase 
to 6-7/sec and above, and the amplitude to diminish (see Fig, 1, i, j, k, 1). 


Fig, 1, Electroencephalogram of an adult dog. a) Original back- 
ground; b) 10 minutes after injection of aminazine in a dose of 

5 mg/kg; c) 20 minutes after injection of aminazine in a dose of 
20 mg/ kg; d) 30 minutes after second injection; e) after 1 hour; 
f) after 1 hour 30 minutes; g) after 1 hour 50 minutes; h) after 2 
hours; i) after 2 hours 10 minutes; j) after 2 hours 30 minutes; 

k) after 3 hours; 1) after 3 hours 20 minutes, Bottom line) time in 
seconds, 


Tactile or painful stimuli or inhalation of ether during the time of action of the aminazine led to awaken- 
ing of the animal, moaning and the appearance of a desynchronized rhythm on the EEG, disappearing on cessa- 
tion of the stimulation, 


The results which we obtained in experiments on adult dogs were in full agreement with the electro- 
encephalographic characteristics of the action of phenothiazine derivatives on adult animals as described in 
the literature, mainly on rabbits [9, 10, 16, 23), 


The predominance of slow waves in the EEG of the adult animals during the action of aminazine is, in the 


modern view, the result of blockade of the nonspecific nuclei of the ascending part of the reticular system, 
According to the accepted view of our laboratory, these nuclei play in relation to the cells of the cerebral 
cortex the role of an intermediate link, in which during natural and narcotic sleep a second catelectronic 
phase of the parabiotic process develops, in consequence of which a positive electric potential and associated 
slow “sleep” potentials develop conjointly in the cerebral cortex itself [2-4]. 
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Fig. 2, Electroencephalogram of a 6-day old puppy. 

a,b) Initial background; c) 10 minutes after injection 
of aminazine in a dose of 4 mg/kg; d) 20 minutes after 
injection of aminazine in a dose of 20 mg/kg; e) 20 
minutes after the second injection; f) after 1 hour; g) 
after 2 hours; h) after 7 hours; i) after 24 hours, Bottom 
line) time in seconds, 


In blind puppies ages from 1 to 10 days, after injection of aminazine in doses of 4 to 20 mg/kg the 
changes in the EEG differed very sharply from those which we observed in the adult animals, 


As shown in our laboratory, the main electrical activity in puppies ages from 1 to 18 days in a waking 
condition is waves with an average frequency of 10-14/sec (10-20 uv) with a lower limit of 6-8 and an upper 
limit of 14-16/sec, In contrast to this main rhythm, the slow waves with a frequency of 3-4/sec are inconstant 
and are characterized by a low amplitude (10-12 uy), These oscillations are episodic, and occur for a short 
time both during sleep and when awake, 


Injection of aminazine in a dose of 4-5 mg/kg to young puppies (1-10 days) led to a fall of 2-3° in the 
body temperature and a lowering of muscle tone, From 5 to 10 minutes after the injection, an increase in the 
frequency of the waves in the EEG to 19/ sec was observed, with an increase in the amplitude to 3035 pv 
(Fig. 2,c), The electrical activity rose periodically, in bursts, in the intervals between which were observed 
slower rhythms, typical of the original EEG, Injection of aminazine in doses of 10-20 mg/kg [2] caused a 
still more pronounced activation of the EEG of the blind puppies; this took the form of a periodic quickening of 
the main rhythm, to as much as 20-21/sec, with an increase in the amplitude to 65-100 pv (see Fig, 2, f, g). 


In Fig, 2 is shown the EEG of a 6-day-old puppy before and at definite intervals of time after the injec- 
tion of aminazine in doses of 4 and 20 mg/kg, 


Three hours after the injection of aminazine the bursts of increased activity in the EEG became less 
pronounced, although they could still be observed for several hours (see Fig, 2, i),The increased activity in the 
EEG corresponded to a state of slight restlessness in the puppy, as shown by moaning and even by crying out, 


After injection of very large doses of aminazine (50-100-150-200 mg/kg) to puppies ages from 1 to 10 
days, after an initial period of activation of the EEG there followed a decrease in the amplitude and frequency 
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Fig, 3, Electroencephalogram of a 20-day old puppy. a) Initial background; 
b) 20 minutes after injection of aminazine in a dose of 20 mg/kg; c) after 50 
minutes; d) after 55 mirutes — tactile stimulation; e) 2 hours after injection; 
f) after 3 hours; g) after 4 hours; h) after 5 hours, Bottom line) time in 
seconds, 


of the main electrical activity. Even with these very large doses, however, the appearance of slow, high- 
amplitude potentials, typical of adult dogs, was not observed in the young puppies, 


In the period of maturity of the puppies, at the age of 10-12 days, the injection of aminazine in doses of 
5-20 mg/kg no longer caused the increase in the electrical activity of the brain described in the case of the 
blind animals; this activity was fundamentally unchanged and remained at the level of the original characteris- 
tics or was even slightly lowered, In some cases (in 5 experiments of 12), in contrast to the blind animals, the 
appearance of periods of slow waves with a frequency of 3-4/sec was observed in the puppies of this age, In 
contrast to the “sleep” potentials of adult dogs, however, the amplitude of the slow waves in the EEG of the 
puppies ages 10-12 days was far lower (25-40 4v), The onset of these waves was of an episodic character, in 
contrast to those in adult dogs, and did not determine the character of the EEG after injection of aminazine; 
the dominant rhythms in the EEG were those typical of the initial background at this age, As was pointed out 
above, slow waves (with a frequency of 3=4/sec) of low amplitude may appear episodically in young puppies 
in a waking condition also, 


According to findings in our laboratory, the main electrical activity in puppies, starting at the age of 
18-20 days, is characterized by a rather higher frequency ~ 16-18/ sec — with an upper limit of 20-22/ sec, 
At this age for the first time, slow waves of the delta type (3-4/sec ) with an amplitude of 75-100 hv appear 
20-30 minutes after injection of aminazine in doses of 5-20 mg/kg (Fig, 3, b), In Fig, 3 are shown the changes 
in the electrical activity of the cerebral cortex of a puppy age 20 days during the 5 hours after injection of 
aminazine in a dose of 20 mg/kg. From 40 to 50 minutes after its administration to 18 -to 20-day-old puppies the 
thythm of the slow potentials was slightly increased in frequency (to 5-6/ sec), and their amplitude fell slightly 
to 50-75 uv (Fig, 3, c). 


718 


4 

>) 

. 

4 
J 

4 = 
= 

4 

4 ae. 

* 

“a 


It can be seen from Fig, 3 that in response to tactile stimulation a more frequent rhythm (16-18/ sec) 
appeared temporarily, characteristic of the original condition, or an even more frequeny rhythm was observed to 
be superimposed on the slow waves, which at this time were of diminished amplitude, From 2 to 3 hours after 
the injection the frequency of the slow waves increased to 6-8/sec, with a gradual decrease in their amplitude 
(see Fig, 3, e, f), Fig. 3, g showed the quickening of the waves in the EEG during the puppy's cry. Five hours 
after the injection of aminazine, slow waves still predominated (5-6/sec), but their amplitude was considerably 
decreased (Fig, 3, h). 


The changes described in the 18-to 20-day -old puppies were also characteristic of the action of aminazine 
in puppies up to the age of 14 months, Starting with 3rd-4th month of the animals,the action of aminazine on the 
EEG of the cerebral cortex did not differ from the characteristics which we have described for the adult dogs, 


It may be concluded from the results obtained that the changes in the EEG resulting from the action of 
aminazine on young puppies (up to 18 days old) differ from those changes which are typical of puppies more than 
18 days old or of adult dogs, It is a fact of fundamental importance that not only are the slow “sleep” poten= 
tials absent in young puppies, but there is even an increase in the frequency and amplitude characteristics of 
the EEG in puppies age up to 10 days, This “activation” of the EBG differs from that designated by several 
authors by the same term, referring to the change in the EEG of the adult animal in response to the action of 
phenothiazine derivatives [13, 16, 22 and others]. 


This particular fact, taken in conjunction with I, 1, Gokhblit’s [7] findings that there is no difference 
between the electrical activity of the cerebral cortex in young puppies when awake and asleep, confirms the 
accepted view of our laboratory of the absence of functional, and perhaps even of structural maturation of the 
corresponding nonspecific nuclei of the ascending divisions of the reticular system. 


Although it has not been possible at this stage to give an interpretation of the increase in the frequency 
and amplitude of the EEG waves in biind puppies after injection of aminazine, we are, nevertheless, justified 
in concluding that the results of the electroencephalographic analysis do not permit us to categorize aminazine 
as a drug possessing typical neuroplegic or transquilizing properties when used in a young animal or child, 

The neuroplegic properties of aminazine become apparent only when the drug is administered to puppies over 
18-20 days old, 


SUMMARY 


Changes in the EEG caused by the action of aminazine (phenothiazine derivative) on puppies, ages from 
1 to 18 days, differ from those typical for older puppies and adult dogs. Not only slow "slumber® potentials are 
absent in the puppies under 18 days of age, but there is also a certain increase of the frequency-amplitude 
characteristics, This fact confirms the view accepted in Professor I, A. Arshavskii's laboratory on the absence 
of the functional maturation of the corresponding nuclei in the ascending portion of the reticular system in 
young animals, The neuroplegic properties of aminazine are manifested in puppies only by the 18th~-20th 

day of life, 
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THE EFFECT OF 2-METHYLNAPHTHOQUINONE ON THE VARIOUS ELEMENTS 
OF THE NEUROMUSCULAR APPARATUS IN COLD-BLOODED ANIMALS 


L. N. Zefirov and G. I, Poletaey 


From the Department of Physiology (Head— Dr. Med, Sci, I, N. Volkova) of the Kazan’ 
Medical Institute 


(Received February 20, 1958, Presented by Active Member AMN SSSR V, N, Chernigovskil) 


2-Methylnaphthoquinone is one of the synthetic preparations of vitamin K, Several investigations 
[8, 9, 11] have shown that 2-methylnaphthoquinone is a powerful and, probably, a specific inhibitor of the 
enzyme choline acetylase, which takes part in the final stage of the synthesis of acetylcholine [6, 7]. 


Torda and Wolff [10] have shown that 2-methylnaphthoquinone produces an increase in the threshold of 
excitation of a nerve-muscle preparation, a decrease in the amplitude of the action currents of the nerve and 
muscle and a reduction in the rate of conduction of the excitation, These changes were attributed to disturb- 
ances in the synthesis of acetylcholine, 


In addition to the purely applied pharmacological importance of vitamin K, investigations of the action 
of 2-methylnaphthoquinone may thus be used in order to analyze the physiological role of the chemical factor 
of nervous activity — acetylcholine, This latter consideration prompted the present investigation, 


In this communication we give the results of myographic and electrophysiological investigations of the 
action of 2-methylnaphthoquinone on the various elements of the neuromuscular apparatus of the frog — the 
skeletal muscle, the nerve trunk and the proprioceptors. 


EXPERIMENTAL METHOD 


Investigations were conducted on a nerve=muscle preparation of the gastrocnemius muscle and sciatic 
nerve, and partly also on the sciatic-tibial nerve trunk of the frog (R, ridibunda), The nerve-muscle prepara- 
tion was immersed in a solution of 2-methylnaphthoquinone in Ringer's solution, enriched with oxygen, The 
concentration usually used was 1;10-000, but in some experiments smaller concentrations were used — 1350°000 
and 1:100,000, A second nerve-muscle preparation from the same frog, immersed in Ringer's solution, acted 

as control, In the course of the investigation the preparations were successively transferred to a humid chamber, 
In addition to the myographic recording, a tracing was made of the action currents of the muscle (in isometric 
conditions) and of the nerve by means of a two-channel cathode oscillograph with a transmission band from 

0,2 to 4000 cps, The action currents of the muscle were tapped by means of silver needle electrodes, inserted 
into the lower part of the muscle and into the femur, and the action currents of the nerve by means of silver 
electrodes with an interpolar distance of 10 mm, The motor nerve was stimulated by means of an electronic 
stimulator, In each experiment, successive studies were made of the proprioception, the character of the action 
currents of the muscle in response to stimulation at various frequencies (the lability of the myoneural junction), 
and also the electrical activity and the functional mobility of the nerve trunk, In all 135 experiments were 
carried out, 


EXPERIMENTAL RESULTS 


During the action of 2-methylnaphthoquinone obvious changes were observed in all the elements of the 
nerve=muscle preparation examined, The degree and character of these changes depended on the concentra= 
tion used and the time of action of the 2-methylnaphthoquinone, The most intensive and characteristic changes, 
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Fig, 1, Electrical activity of the muscle in response to varying frequency of stimulation 
of the motor nerve, Frequencies of stimulation for a, b,c andd: 20, 35, 50 and 75 per 
second respectively. Above) electromyograms of the control preparation; below, a, by, 
cy, 4) after 60 minutes of action of 2-methylnaphthoquinone, Time marker) 0,01 second, , 


Fig. 2, Electrical activity of the nerve trunk, a) Onset of transformation of the action 
currents (maximal rhythm of excitation) in the control preparation (frequency of stimula- 
tion — 500 per second); b, c) the same after 90 and 120 minutes of the action of 
2-methylnaphthoquinone (frequency of stimulation — 330 and 280 per second respectively) ; 
d) proprioceptive impulsation in the control preparation during stretching of the muscle 
with a load of 100 g; e) the same after 50 minutes of action of 2-methylnaphthoquinone, 
Time marker) 0,01 second, 


in our opinion, were observed after 30-60 minutes of action of 2-methylnaphthoquinone, In case of longer 
action, exceeding 2 hours, the function of all the elements tested was sharply suppressed, in some cases to the 
disappearance of all activity. For this reason the changes described below will be mainly those observed in the 
first hour of action of the substance under examination, 


Muscle and myoneural junction, In the very great majority of cases, during the action of 2-methylnaph- 
thoquinone a persistent contraction of the muscle was observed, which began in the first minutes of immersion 
in the solution, and at the 45th-60th minute it amounted to 20-25% of the initial length (Fig, 1, c), This con- 
traction was not accompanied by the development of action currents in the muscle, and its course was that of 
a typical contracture, Side by side with the development of the contracture, there was a fall in the indirect 
excitation and the magnitude of the contraction of the muscle, At the same time the residual contraction of the 
muscle after tetanization diminished and disappeared. 


The amplitude of the action currents of the muscle in response to infrequent stimulation as a rule dimin- 
ished slightly by comparison with controls, and only in two cases was the converse picture observed, The con- 
figuration of the action currents was changed; they became monophasic in character and more drawn out 
(Fig. 1, a, ay). In response to an increase in the frequency of stimulation the action currents of the muscle 
diminished and became transformed, starting with a frequency of 35-75 per second (average 49 per second), 
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whereas in the control preparations transformation arose at a frequency of 50-100 per second (average 76 per 
second), The lowest values and disappearance of the electrical activity of the muscle were also observed at 
slower frequencies than in the control preparations (93 and 110 per second; see Fig, 1, b, by, c, cy, d, dy). The 
stability of the myoneural junction was also decreased, In response to tatanization of the motor nerve at a fre- 
quency of 35 per second the action currents of the muscle completely disappeared on the average 13 seconds 
earlier than in the control preparations, After the more prolonged action of 2-methylnaphthoquinone (2 hours 
and over) a sharp suppression of the electrical activity of the muscle and the development of a complete 
myoneural block took place, 


Nerye trunk, The amplitude and configuration of the action currents of the nerve were essentially un= 
changed in response to the action of 2-methylnaphthoquinone for 30-60 minutes, Only a slight depression of the 
second phase and some drawing out of the action currents were observed, Investigation of the optimal and 
maximal rhythms showed, however, that beginning with the 20th-30th minute of action of 2-methylnaphthoquinone 
an obvious change in these parameters was observed, The optimal rhythm of excitation, as determined by the 
smallest frequency to cause a decrease in the amplitude of the action currents of the nerve [5], fell on the average 
to 56 per second instead of 124 per second in the control preparations, The limit of transformation of the action 
currents, usually determined as the beginning of the appearance of an alternating rhythm, was also shifted in the 
direction of the slower frequencies, and averaged 234 per second instead of 390 per second in the control pre- 
parations (Fig, 2, a, b, c), It should be pointed out that the determination of the optimal and, to a lesser 
degree, of the maximal rhythms was the most sensitive index of the changes as they arose, Obvious movements 
in these parameters were thus observed in response to the action of such small concentrations of 2-methylnaph- 
thoquinone as 1:50-000 and 1:100-000, 


During the action of 2-methylnaphthoquinone the amplitude of the action currents of the nerve after 5 
minutes of tetanization at a frequency of 100 per second was also more strongly diminished, which showed, in 
our opinion, a lowering of the functional stability of the nerve trunk, After the more prolonged action (23 
hours and over) a progressive diminution was observed in the action currents, even to the extent of the disap- 
pearance of the electrical activity of the nerve, 


Proprioceptors. After the action of 2-methylnaphthoquinone an obvious lowering of the excitation of the 
proprioceptors took place, At the 30th-60th minute the excitation, as determined by the value of the load 
applied to the muscle in order to produce minimal electrical activity of the nerve connected to the muscle, was 
on the average 14 g instead of 4,2 g in the control preparations, The amplitude and, in particular, the frequency 
of the proprioceptive impulsation were also decreased, With standard loading of the muscle of 100 g, for 
instance, the frequency of impulsation fell on the average to 140 impulses per second compared with 383 in the 
control preparations, The frequency of impulsation was most sharply lowered after 45 minutes of action of 2= 
methylnaphthoquinone — on the average to 52 impulses per second (see Fig, 2, d, e). 


The adaptation of the receptor elements was also changed. The frequency of impulsation at the end of 
the first minute of stretching of the muscle with a standard load of 100 g was diminished to 44,2% of the initial 
value, and in the control preparations, to 56,6%, Some degree of acceleration of adaptation thus took place, 
which was also particularly clearly revealed after 45 minutes of action of 2-methylnaphthoquinone, 


The results obtained showed that the dominant feature of the action of 2-methylnaphthoquinone, starting 
with the very first minimal changes, was the drawing out of the waves of excitation and of the subsequent 
processes, as expressed by the marked widening of the action currents of the muscle, the more rapid onset of 
transformation of the spikes (lengthening of the refractory period) and the appearance of monophasic action 
currents, Evidence of these was provided by the considerable and steady decrease of the optimal and maximal 
thythms, i.e, the diminution of lability of the nerve trunk, 


Another characteristic feature of the developing changes was the lowering of the endurance or working 
capacity of the elements that were examined; this was expressed too, by the more rapid onset of transformation, 
the regression and disappearance of the muscle currents and the considerable decrease in the amplitude of the 
action currents of the nerve in response to an accurately measured 5=minute stimulus, 


During the more prolonged action of 2-methylnaphthoquinone, the most prominent feature was the marked 
depression and disappearance of electrical activity. This depression of the tissue functions did not take place 
simultaneously in the different elements, the functions of the myoneural junction and the proprioceptors were 
more rapidly disturbed, followed, much later, by those of the nerve trunk, 
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In view of the findings previously reported in the literature, the changes described were evidently to a 
large extent connected with interference with the synthesis of acethylcholine and with a deficiency of this 
chemical agent. This concerned particularly, in our opinion, the first period of action of 2-methylnapthoquinone. 
The character of the changes observed under these circumstances suggested that in the elements investigated, 
acetylcholine is a factor responsible for processes of recovery reducing the duration of stimulation and the sub= 
sequent phenomena, and hence increasing the lability of the nerve, muscle and myoneural junction, 


It must be emphasizedthat similar conclusions on the physiological role of acetylcholine were made by 
one of us after the use of another method of interference with the acetylcholine metabolism of the body, namely 
by the preliminary exclusion of the pancreas by operation [2-4]. 


The changes in proprioception demand special discussion, There are reports [1] that a contracture of the 
muscle may itself cause cessation of the activity of the proprioceptors, The question thus arises, whether the 
changes of proprioception in our experiments were not due to the simultaneous development of a contracture, 
However the fairly considerable load which we used (100 g), and also the absence of any parallel between the 
development of contraction of the muscle and the disturbance of proprioceptive impulsation, suggest that 
2=methylnaphthoquinone itself caused the disturbance of function of the proprioceptors, This provides evidence 
that acetylcholine plays a definite part in the process of proprioception, which is confirmed also by the negative 
influence of atropine on this process [1]. 


SUMMARY 


The authors studied the effect of 2-methylnapthoquinone on the frog's skeletal muscle, the nerve stem 
and the proprioceptors. A reduction of contractions and development of muscle contracture resulting from the 
effect of this preparation was noted. The action currents become monophasic in character and their wave 
length increases, Their transformation occurs with stimuli of lower frequencies, The lability of the nerve 
stem is also reduced, The excitability of the proprioceptors, as well as the frequency of the proprioceptive 
impulsation is decreased, *Prolongation” of the excitation waves and reduction in stability of the elements 
under investigation is, evidently, connected with disturbance of the acetylcholine synthesis and deficiency in 
this chemical agent, 
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THE EFFECT OF CHLORTETRACYCLINE ON INTEROCEPTIVE REFLEXES 


FROM THE INTESTINE 
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the Leningrad Research Institute of Antibiotics (Director — Docent A. V. Loginov) 


(Received December 16, 1957, Presented by Active Member AMN SSSR V, N, 
Chernigovskil) 


From a number of clinical observations it appears that chloretetracyline (biomycin), when given intern= 
ally, sometimes causes undesirable side effects in the form of hyperemia of the mucous membrane of the mouth, 
nausea, vomiting, diarrhea and other manifestations of irritation of the gastrointestinal tract, The intravenous 
injection of chlortetracycline is accompanied from time to time by increased intestinal peristalsis, which may 
be prevented by preliminary injection of ecmolin with novocain [2]. 


It may be supposed that the irritation phenomena in the gastrointestinal tract after administration of 
chlortetracycline were associated primarily with stimulation of the interoceptors with which the alimentary 


tract is abundantly supplied, 


N, V. Kaverina, V. M, Khayutin and L, A, Baraz [3] showed that chlortetracycline and certain other 
antibiotics of the tetracycline group produce well-marked interoceptive reflexes on the arterial blood pressure 
and respiration when they are introduced into the perfusion fluid of an isolated segment of intestine, These 
authors, however, studied the transient action of chlortetracycline on interoceptors, by injecting 1-2 ml of g 
solution of the drug into the perfusion fluid, and under these circumstances they observed a transient rise in 
the arterial pressure and an increase in the rate of respiration, 


Nevertheless, when chlortetracycline is used clinically, it is present in the intestine and blood stream for 
a longer period of time, and it probably does not merely bring about reflexes affecting the gastrointestinal 
tract but, like any other chemotherapeutic preparation, it may alter the functional condition of the nervous 


elements of the intestine. 


G. S. Kan[4, 5, 6}, and 1. E. Gaber and G, S, Kan[1], for instance, showed that large doses of strepto=- 
mycin, acting for a long time on tissue isolated from the general blood stream, as a rule produced depression 
of the excitation of the tissue chemoreceptors; the same thing was observed in response to the intramuscular, 
intravenous and subarachnoid injection of streptomycin, 


In the present investigation we studied the changes in the interoceptive reflexes under the influence of 
the prolonged action of chloretetracycline on the chemoreceptors of the intestine, 


EXPERIMENTAL METHOD 


Experiments were performed on cats under urethane anesthesia. Using V. N. Chernigovskii’s method [7] 
a segment of the small intestine, 10-20 cm in length, was isolated from the general circulation, while keeping 

its nervous connections intact. The isolated segment of intestine was perfused through the intestinal artery with 
Ringer-Locke solution (pH = 7.3=7,5). 
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In order to determine the state of excitation of the chemoreceptors, 1=2 ml of an acetylcholine solution 
in dilutions of 1:107, 1:10 ~ and 1:10 ™ was injected into the perfusate, and determinations made of the 
threshold doses eliciting an obvious reflex in the form of a transient rise in the arterial pressure (from 8 to 20 
mm Hg) and of a strengthening and quickening of the respiration (from 13 to 20 per minute), Next, by means 
of a syringe or from a vessel connected to the perfusion tube, solutions of chlortetracycline in solvents with 
different salt contents (see below) were injected into the perfusion fluid, the time and volume of the prepara- 
tion injected being varied. 


After the arterial pressure had returned to its original level, acetylcholine in threshold doses was again 
injected into the perfusion fluid. 


The change in the excitation was tested during the 20-60 minutes after the conclusion of the action of 
the chloretetracycline by means of injection of acetylcholine every 5-10 minutes. 


In other experiments the excitation of the chemoreceptors directly to chlortetracycline in threshold doses 
was determined after the prolonged action of this same antibiotic on the interoceptors in subthreshold and 
threshold doses, 


EXPERIMENTAL RESULTS 


In preliminary experiments 1-2 ml of a solution of chloretetracycline hydrochloride in distilled water 
or Ringer=Locke solution, in a concentration of 1,0-2,5 mg/ml, was injected into the perfusion fluid in order 
to ascertain the character of the reflexes caused by this irritant and to determine its threshold doses. These 
solutions had a pH of 5,75-6,0, 


In the first place it was found that the injection of 1-2 ml of distilled water or of Ringer-Locke fluid, 
acidified to pH = 5,75-6,0, did not result in any essential change in the arterial pressure or respiration. 


In response to the injection of 1-2 ml of chlortetra+ 
cycline solution in a concentration of 1,0 to 2,5 mg/ml,a 
reflex increase in the arterial pressure of 5-15 mm Hg was 
usually observed, and sometimes an increase in the respira= 
tion rate of 5-10 oscillations per minute, Such changes in 
the arterial pressure corresponded ,approximately,to the 
reflex obtained after injection of 1-2 ml of acetylcholine 
in dilutions of 1:10 and 1:1076 (Fig, 1). 


Theintensity of the reflex to chloretetracycline, just 
as to acetylcholine, varied in accordance with the individ- 
ual properties of the animal and its functional condition 
(depth of anesthesia and so on), but in the same experiment 
it was almost identical on the repeated injection of these 
stimuli, 


These results confirmed the reports in the literature 
[2] and showed that the interoceptive reflex produced by 
chloretetracycline did not depend, in the conditions of our 
Fig. 1. Reflex in response to the injection of experiment, on the acid reaction of the solution, but were 
5 mg chlortetracycline into the vessels of a caused by the drug itself, 

perfused segment of intestine. Significance 
of the curves (from above down): arterial 
pressure in the carotid artery; initial level of 
the arterial pressure; respiration; stimulus 
marker; time marker (5 seconds). 


In the next series of experiments the same solutions of 
chlortetracycline (1-2 ml in a concentration of 1,0-2,5 mg per 
ml) were injected several times (from 5 to 20) into the per= 
fusion fluid at intervals of 5-10 minutes, during which time 
the changed arterial pressure and respiration returned to 
their initial values, 


In 5 of the 6 experiments the reflexes to acetylcholine were decreased to 25% after frequent repetition of 


the action of chloretetracycline, but the weakening of the reflexes was not lasting, In 3 experiments the reflexes 
in response to the injection of threshold doses of chlortetracycline were reduced insignificantly. 
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Fig. 2. Weakening of the reflex to acetylcholine after prolonged irrigation with a 
solution of chlortetracycline. a,c, d) Reflex to injection of 20y of acetylcholine; 
b) perfusion with 15 ml of chloretetracycline in a concentration of 9 mg/ml through 
the vessels of an isolated loop of small intestine for four minutes, Significance of 
the curves (from above down): respiration, arterial pressure in the carotid artery; 
initial level of the arterial pressure; stimulus marker; time marker (5 seconds), 


Fig. 3. Weakening of the interoceptive reflex to chlortetracycline in the course of 
exposure to the drug and after the exposure had ceased, a) Reflex in response to 
injection of 2 ml of chlortetracycline in a concentration of 9 mg/ml; b) prolonged 
injection of chlortetracycline in a concentration of 9 mg/ml for a period of 4 
minutes 10 seconds; c) reflex to the injection of 2 ml of chlortetracycline in a 
concentration of 9 mg/ml after the prolonged administration of chlortetracycline. 
Significance of the curves (from above down): respiration; arterial pressure, initial 
level of the arterial pressure; stimulus marker; time marker (5 seconds), 


Repeated but brief exposures to the action of chlortetracycline were thus capable, to some degree, of 
depressing the reflexes. 


In a third series of experiments the interoceptive reflexes to acetylcholine were investigated after the 
more prolonged and continuous action of chlortetracyline in the same threshold concentrations, 


In this series a preliminary test was made of the interoceptive reflexes to acetylcholine after the prolonged 
injection of acidified Ringer-Locke solution into the perfusion fluid, since when 3,5-5,0 mg/ml of chlortetra= 
cycline was dissolved in it, the pH of the solution became 5,75=6,0, and on attempting to alkalize the solution 
to the pH of Ringer=Locke solution the chlortetracycline was precipitated, 
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changes they were insignificant, 


a Other physiological buffer solutions were therefore selected and tested. The most suitable solution in this 2 
“a respect was one which differed from Ringer-Locke solution in that the calcium chloride (capable of precipitating ye 

chlortetracycline in a feebly alkaline medium) and the sodium bicarbonate were withdrawn from the latter Se 
os solution; these two compounds were replaced by the equivalent amount of disodium hydrogen phosphate. Sub- 

’ sequently the potassium chloride was also withdrawn and replaced by the equivalent amount of sodium chloride. . 

7 On perfusion with this solution for 3-4 minutes, no changes were observed in the reflexes or if there were x 


In the third series, 16 experiments were carried out using this solution, to study the interoceptive reflexes 
to acetylcholine before and after the prolonged action of chlortetracycline on the chemoreceptors of the 
intestine. 


Investigation of the reflexes to acetylcholine showed that in 12 of the 16 experiments, after the action of 
chlortetracycline the reflexes were diminished (Fig. 2). In one experiment the decrease amounted to only 20%, 
in 10 experiments it was from 33 to 83% and in one experiment the reactions disappeared altogether. In 9 ex- 
periments of the same series the action of chlortetracycline was applied 2-3 times in the course of the experi- 
ment, and it was found that even in cases where the first application had no effect on the magnitude of the 
reflexes, the second diminished them by 25-60%. In 3 experiments the second perfusion led to an even greater 
reduction in the reflexes by comparison with the first perfusion; only in 2 experiments were the reflexes 
slightly increased after the second perfusion, 


In the fourth series of experiments we investigated the changes in the interoceptive reflexes elicited by 
chlortetracycline, after the drug had been injected over a long period of time into the perfusion system in 
threshold and slightly higher doses, The experiments were conducted along the same lines as the previous 
series, 


It was found that after injection of chlortetracycline solutions in a concentration of 5=6 mg/ml into the 
perfusion fluid, in 7 to 10 experiments a diminution in the vascular reflex caused by this drug could first of 
all be observed, while the drug was still being given. An apparent adaptation to its stimulating action took 
place while the action was still proceeding (see Fig, 2), This was shown in even greater relief after injection 
of chlortetracycline in concentrations of about 9 mg/ml, In these experiments it was found also that depression 
of the excitation of the chemoreceptors by chlortetracycline took place not only in the period of its action but 
also for a certain interval of time after its administration had ceased and pure Ringer=Locke solution was being 
perfused (Fig, 3). 


Chlortetracycline thus possesses an undoubted stimulating action on the chemoreceptors of the intestine, 
as a result of which it evokes interoceptive reflexes on the arterial blood pressure and respiration, 


Exposure to this antibiotic for short periods of time brings about no changes in the excitation of the 
chemoreceptors, but after its repeated administration a slight depression of the excitation to acetylcholine is 
observed, although only to a very feeble degree, In response to the more prolonged, continuous action of the 
antibiotic, a marked and lasting depression of the interoceptive reflexes caused by acetylcholine takes place, 
as well as of those caused by chlortetracycline itself (less prolonged in the latter case), Depression of the 
interoceptive reflex to chlortetracycline appears while the drug is still being given. 


Chlortetracycline thus not only causes interoceptive reflexes but also changes the state of excitation of 
the component parts of the arc of these reflexes and especially, it seems, the chemoreceptors, This is evidently 
of importance when interpreting the clinical phenomena observed during the administration of chlortetra= 
cycline, such as, for example, manifestations of irritation of the gastrointestinal tract and of gradual habitua= 
tion to the drug. 


SUMMARY 


Interoceptive reflex action on arterial blood pressure and respiration is caused by chlortetracycline 
administered for a short time into the perfusion flow of the isolated intestinal section, Its prolonged administra= 
tion produces a temporary depression of the interoceptive response to acetylcholine and chlortetracycline in 

the threshold doses, 
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(Received September 6, 1958, Presented by Active Member AMN SSSR N, N, 
Zhukov-Verezhnikov) 


As a result of reversion experiments described in the previous communication, we obtained 3 strains of 
staphylococci which reverted after a prolonged existence in the L=form. In the literature there are only iso= 
lated papers devoted to the study of the biological properties of strains undergoing reversion from the L-forms 
of bacteria [2=4], 


Accordingly it was desirable to make a comparative study of the properties of the original strains of 
pathogenic staphylococci and of strains undergoing reversion after prolonged subculture in the L-form on media 
with high concentrations of penicillin (from 1000 to 10,000 units/ml), We studied the morphology, fermenta~ 
tion properties, resistance to the action of antibiotics, pathogenic properties and antigenic structure, 


EXPERIMENTAL METHOD 


The investigations were based on the generally accepted methods of study of the biological properties of 
the pathogenic staphylococci [1]. 


Immediately after reversion all the strains obtained from the L-forms of staphylococci were distinguished 
by their well marked polymorphism, On microscopic examination, very small, middle sized and grossly 
enlarged (often to the size of small spheres, 2-3 in diameter) staphylococci could be seen, When stained by 
Gram’s method the majority of the cocci gave a positive stain, but from time to time Gram-negative speci- 
mens were also found, After a few subcultures on simple nutrient media, the reverted strains lost their poly- 
morphism, stained only Gram~=positive, and were in every way indistinguishable from the original strains, 


The original strains of staphylococci decomposed the 5 sugars which we tested (lactose, glucose, mannitol, 
maltose and saccharose) with formation of acid after 24 hours, The strains reverted from L=forms also decom- 
posed all the sugars after 24 hours, with the exception of mannitol, Strain No, 75R decomposed mannitol after 
48 hours, and strain No, 5R — after 72 hours, Strain"Lossmanoy R™behaved in precisely the same way in rela~ 
tion to mannitol, but it was distinguished from the others by the fact that it decomposed lactose not after 24 
but after 48 hours, 


A trial of the ability of the reverted strains to coagulate plasma showed that strain No, 5R had almost 
completely recovered the plasma~coagulating activity of the original strain, but strains No, 75R and 
“Lossmanoy R” showed the intensity of this reaction to be greatly weakened in time, The hyaluronidase 
activity of strains No, 5R and “Lossmanoy R® was reduced to one hundredth that of the original strains, and 
strain No, 75R to one fiftieth. 
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Of the tests of the pathogenicity of sta~ 
phylococci, besides the ability to coagulate 
plasma, those of particularly great importance 
are the presence of hemolytic and dermonecro= 
tic properties, In the strains reverted from 
L-forms, the hemolytic activity was either 
slightly weaker than that of the original strains 
or it was identical with it, The necrotic prop- 
erties had recovered to the greatest extent in 
strain No, 5R. Zones of necrosis were observed 
in the same dilutions as with the original strains, 
although they were smaller in size, Strain No. 
75R in high concentrations caused only insigni- 
ficant pin=point necroses, and strain "Lossmanov 
R® in general produced no necrotic lesions at all, 
whereas in both original strains the dermone~ 
crotic power was very pronounced, 


to doubtful (4), Absence of 


The results of the determination of the 
virulence of the reverted strains by intraperitone- 
al inoculation of white mice also indicated the 
comparatively slight reduction in virulence of 
strain No, 5R, the considerable loss of virulence 
in strain No, 75R and the almost complete dis« 
appearance of virulence instrain "Lossmanov R*, 


1 : 320 | 1 : 640 


Antiserum to original strain No. 75 


The results, which have just been described, 
of the study of the biological properties ofstrains 
reverting from stabilized L=forms of the patho= 
genic staphylococci, like those given in our first 
communication, again testify to the great import= 
ance of the individual properties of the original 
strain, which determine the depth of the process 
of stabilization of the strain in the L=form, 
Staphylococci reverted from strains Nos, 5L, 75L 
and “Lossmanov L", As a first stage, all three 
strains were subcultured under identical condi- 
tions 6-7 times on media containing penicillin, 
At the same time, strain No, 5R was much closer 
in its biological properties to the original strain 
than No, 75R, The still greater loss of its prop- 
erties by strain “"Lossmanov R® may be explained 
by the fact that the process of stabilization of 
this strain in the L=form had gone much deeper 
than in the two preceding strains, 


Dilution of Serum 


1 : 160 


Note: The degree of intensity of the agglutination reaction was recorded in + signs, from intensive (++++) 


agglutination was designated as —. 
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Antiserum to L-form of strain No. 75 
Antiserum to reverted strain No. 75R 
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The comparative study of the penicillin 
resistance of the original and reverted strains 
showed that, in spite of the prolonged subculture 
of the L~forms in extremely high concentrations 
of penicillin (1000-10, 000 units/ml), the strains 
reverting from them fully retained the high sen- 
sitivity of the original strains to the action of this 
antibiotic, The sensitivity of the reverted strains 
to the action of other antibiotics (chlortetra= 
cycline and streptomycin) was also unchanged, 


5 original 
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A comparative analysis of the antigenic properties of the original strains and of the strains reverted from 
the L=forms was undertaken with strain No, 75, Three tests were performed: with antiserum to the original 
strain No, 75 (orig.), antiserum to the L-form and antiserum to the reverted strain No. 75R, 

Concurrently with the agglutination reactions described in the table, further control experiments were 
carried out, in which the same antigens were used for the agglutination test, but with normal rabbit serum 


(the reaction in all cases was negative), and the same sera, but with heterogeneous antigens of the original and 
reverted strains No, 5 and “Lossmanoy" (the reaction was either negative or feebly positive in dilutions of 
1:10=1; 20), 

The results given in the table may be generalized in the form of the following conclusion: in the process 
of reversion the antigenic and serological properties of the original strain are restored. The antigenic links 
with the L=form are preserved, presumably on account of common antigens with the original strain. Taking 
into consideration the character of the agglutination with the heterogeneous antigens it may also be considered 
that the existence of bacteria in the L=form does not affect their antigenic specificity. 


SUMMARY 


The biological properties of reversed cultures of stabilized pathogenic staphylococci of the initial and 
reversed cultures demonstrated that the more profound the process of stabilization in the L=form — the greater 
the difference in their biological peculiarities. Individual properties of the initial strains play an important 


role in the stabilization degree, 
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PRESERVATION OF THE POLIOMYELITIS VIRUS WHEN DRIED BY THE 
SUBLIMATION METHOD (PRELIMINARY COMMUNICATION) 


L. S. Lozovskaya 


From the Moscow Research Institute for Preparations against Poliomyelitis (Scientific 
Director — Prof. V. D. Solov‘ev) 


(Recieved September 22, 1958, Presented by Active Member AMN SSSR G, V. 
Vygodchik) 


The most convenient and effective of the methods known at the present time for stabilizing the biological 
properties of bacterial and viral strains can be considered with justification to be that of storage of the prepara= 
tions in vacuo in a dried and frozen state, This method has been found to be most valuable when working with 
relatively unstable viruses. 


This is all the more surprising when it is remembered that the first, unsuccessful attempts to dry the 
poliomyelitis virus led to the widespread belief among virologists that it was impossible to preserve this virus 
in a dried state, Thus, in a survey of the research on the physical and chemical properties of the poliomyelitis 
virus,.Gard writes; “It has been known for a long time that lyophilization is a bad method of preservation of 
the virus of poliomyelitis" [1]. Even in the research which led Gard to this conclusion, however, there were 
findings that in the dried preparations, residual activity of the order of 1% of the original was preserved in 
the dried preparations [4, 6], It was later shown that the survival of the poliomyelitis virus after drying could 
be increased if the sublimation was carried out at~20°, and to the suspension of virus was added sodium thiogly~ 
colate, peptone or cystein [3], In the work referred to, the material dried was a suspension of the brain of mice 
inoculated with type II and II poliomyelitis viruses; the residual activity of the dried preparations amounted to 
32 of that of the original. 


Since the maximal yield of poliomyelitis virus is obtained by cultivation in trypsinized monkey tissues, 
we thought it desirable to study the conditions for drying the virus in culture fluids, 


EXPERIMENTAL METHOD 


In the experiments we used type II poliomyelitis virus (strain P 712 [5]), sent to the USSR by Prof, A. 
Sabin, The virus was cultivated in the renal epithelium of monkeys (Macacus rhesus) in Parker 199 medium 
or in a 0.5% solution of lactalbumin hydrolyzate with 2% calf serum, After complete degeneration of the 
tissue, which occurred on the 3rd=4th day after inoculation, the culture fluid was collected and allowed to stand 
for 18-20 hours at 4°, The transparent supernatant fluid was decanted into test tubes which were kept at 4° 
throughout the experiment for the control investigations, The same material was mixed with a protective 
medium in different proportions and poured into ampules for drying, For a protective medium we used the yolk 
of a hens egg, suspended in 20% saccharose solution, In the choice of medium we were guided by the indica= 
tions of M, I. Sokolov, who successfully dried influenza virus in a yolk-saccharose medium [2], and also byour 
own findings in connection with the preservation of measle's virusin dried preparations with the same medium, 


In the present paper we give details of virus preparations, vacuum~dried in the laboratory of the Moscow 
City Bacteriological Institute,* The preparations were dried in a collector apparatus under a vacuum of 25p 


* The author expresses his gratitude to Prof, Blankov for providing the facilities for the work to be done in the 
vacuum laboratory of the Moscow City Bacteriological Institute, 
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Preservation of the Biological Activity of the Poliomyelitis Virus 
in Dried Preparations in Relation to the Concentration of the 
Protective Medium 


Component concentration| 
medium, volume % Titer of virus} vival 
Expt. No. ——____—_—_—__ |(No. of rate in 


3 25 5 104-87" 1,5 
33.2 6.6 aed 6.7 

Notes: 1. Original titer of material subjected to drying in Ist 

experiment ~ 10°, in 2nd and 3rd experiments ~ 19°", 

2. The ist, 2nd and 3rd experiments were performed on the 2nd, 

7th and 28th days after drying respectively. 


and with a condenser temperature of ~r76°, The material, in a volume of 0,5-1.0 ml per ampule, was frozen 
at a temperature of —48°, During a period of 5-6 hours (from the beginning of sublimation) the external 
temperature was gradually raised to room temperature, The whole process of drying lasted 10 hours, The 
ampules were sealed in vacuo, 


The residual activity of the virus in the material was determined immediately after drying (and later, 
after 1-4 weeks and a few months) by titration of the contents of the ampules on a single-layer culture Of renai 
epithelium of monkeys in test tubes, The dried material was diluted with ten times its volume of medium 199 
in relation to the original volume of virus in the ampule, All the subsequent tenfold dilutions were prepared 
with the same medium, 1 ml of the material was added to the tubes containing the tissue (from 4-10 pieces 
to each diluted sample) after removal from its nutrient medium, The titration results were read on the 7th day, 


EXPERIMENTAL RESULTS 


The results obtained confirmed the observations of the workers cited above, that the titer of poliomyelitis 
virus in the dried preparations was, as a rule, considerably below the original, When the virus was dried without 
protective medium, for example in a solution of lactalbumin hydrolyzate, it retained less than 0,1% of its 
original activity. By the use of a protective medium, however, it was possible to ensure an appreciable increase 
in the survival of the poliomyelitis virus (to 10-66%; see table). A definite relationship was revealed between 
the survival rate and the concentration of the protective medium, 


The stability of dry preparations is known to be higher than that of liquid preparations even when the 
latter are stored in the frozen state, Nevertheless the conditions and length of storage of dry poliomyelitis virus 
preparations must form the subject of quite independent study. In the table (see footnotes) are given the re= 
sults of titration of the same material after storage at—2¢° for 1 and 4 weeks, Under these circumstances a fall 
in the virus titer was observed, in one case by one logarithmic point, and in the other by 0,66 logy. Further 
storage of this material under the same conditions for 4 months did not lead to any perceptible lowering of the 
activity of the material, 


a 


: 
0 0 103-5 0.07 a 
0 10 10°-5 0.07 : 
5.9 1.2 104-5 0.7 
12.5 2.5 7.0 
25 5 10°-6 10.0 
2 25 5 10°89 6,7 - 
33.2 6.6 108-33" 66.7 
134 


The methods of storage of virus material is of pressing importance to practical virology. The presence of 
a stable, easily transportable preparation of poliomyelitis vaccine would solve the problem of a standard antigen 
for diagnostic laboratories, The ability to dry the poliomyelitis virus is very important in the production of a 
stable, living vaccine against poliomyelitis from nonpathogenic strains, one of which was used in the present 
research, 


The virus is preserved by drying a phosphatide-rich suspension of infected brain [3] and in a culture 
medium, artificially enriched with yolk, containing over 50% of lipids; this suggests the protective role of the 
phosphatides during the drying of the virus and gives grounds for further research along the lines of the choice 
of the most desirable medium for drying. 


SUMMARY 


The possibility of drying of the poliomyelitis virus is of great significance for obtainingnot only the 
standard antigen for the diagnostic investigations, but also the stable live vaccine against poliomyelitis from 
nonpathogenic strains, one of which (type 11 P — 712[5]) was employed in the present work, The survival of the 
poliomyelitis virus during the process of drying of the culture fluid media was studied, Positive results were 
obtained. When drying the culture in the presence of egg yolk and saccharose the titer of the dry preparations 
was on the average lower than in the initial material by 1 point of ogarythim, viz.,the viability reached 10%. 

A definite relationship between the survival of the virus and the concentration of the protective medium was revealed, 
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THE USE OF THE PAPER PRECIPITATION METHOD FOR EVALUATING 
THE IMMUNE REACTIONS OF THE SERUM PROTEINS IN SYPHILIS 


Yu. S. Tatarinov 


From the Department of Biological Chemistry (Head — Prof. S. V. Zakharov) of the 
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(Received August 14, 1958, Presented by Active Member AMN SSSR N, N, 
Zhukov~Verezhnikov) 


Of great value in serological investigations are immunochemical methods, which enable the results of 
examinations to be expressed not as crosses or titers, but as precise units of protein entering into the composi« 
tion of the antigen-antibody complex, Recently certain methods have been described, comparitively simple 
in performance and reasonably accurate, for determining the content of antigen and antibodies by the amount 
of protein or nitrogen combined as a result of the paper precipitation reaction (1, 3, 5]. 


In the present communication are given the results of investigations of the immune reactions of the 
proteins of Wassermann-positive sera with lipoid antigen on paper. As we know, the lipoid particles of the 


antigen form an ultraprecipitate with the Wassermann “reagin®, visible only under the microscope with dark= 
ground illumination, In our experiments the quantitative estimation of the reaction was carried out by determin- 
ing the content of protein remaining after paper chromatography at the site of successive application of 
antigen and serum or, conversely, of serum and antigen. According to A, E, Gurvich’s findings [3], the flow of 
the buffer solution during chromatography removes from the site of application of the antigen and immune 

serum all the proteins not deposited as precipitate, 


EXPERIMENTAL METHOD AND RESULTS 


Variant 1, Lipoid antigen for the Wassermann reaction was diluted with physiological saline (1:10) 
immediately before the experiment, The antigen solution was applied to a strip of chromatographic paper B 
(rapidly absorbing paper from the Volodarskii paper factory, Leningrad), The strips of paper were than placed 
in an incubator for drying at 45° for 20 minutes, Next, the inactivatedsyphilitic and control sera were carefully 
applied, in volumes of 0,02 ml, to the same places where the antigen had previously been applied, and incu= 
bated in a humid chamber at 37° for 10 minutes, After incubation was completed, the strips of paper were 
placed in a chamber for descending chromatography. As solvents we used a veronal=medinal or phosphate 
buffer (pH = 9,2), Chromatography was continued for 5=6 hours, after which the chromatograms, dried at 100, 
were stained with a solution of bromphenol blue, prepared from the usual formula. The quantity of protein in 
the precipitate was calculated from the quantity of dye combined with the protein. The difference between 
the extinction of the eluted solution in the experimental and control tests showed the increase in the protein 
content at the site of application of the serum, and was interpreted as a positive reaction (expressed in mg% of 
specifically reacting proteins of the serum tested), The calculation of the absolute content of antibodies in the 
precipitate was made from a calibration curve for crystalline albumin, derived from data in the literature [6), 


By way of illustration we give a chromatogram (Fig, 1), As may be seen from Fig, 1, sera giving com- 
plete arrest of hemolysis in the Wassermann reaction (++++) showed a varying ability of their proteins to 
combine with antigen on paper. In some patients with progressive paralysis and cerebral syphilis, for instance, 
their sera contained from 15 to 253 mg% of protein, firmly combining with antigen, Simultaneous testing of 
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@ Fig, 2, Formation of a precipitate during the reac= 
- tion of antigen with serum preliminarily dried on 
paper, a) Serum (0,0151 ml), lipoid antigen: 1) 
serum (latent syphilis }+ 96° ethyl alcohol (0,011 
ml); 2) the same + antigen (0.0051 ml); 3) the 
same + antigen (0,011 ml); 4) donor's serum + an= 
tigen (0.0051 ml). b)Precipitating serum of a rab- 
bit (0,0151 ml), antigen — horse serum (0,0141 ml); 
1) immune serum + antigen (112,5yg of protein); 
2) the same + antigen (56,25yg); 3) the same + 
antigen (22,5 ug); 4) the same + antigen (11,25 ug); 
5) the same + human serum (110,5 yg of protein), 


3 4 5 6 7 


Fig. 1. Precipitation reaction of the serum proteins 
with antigen absorbed on paper (diluted lipoid antigen 
for the Wassermann reaction — 0,02 ml, serum — 0,02 
ml), 1) Antigen + donor’ s serum; 2) the same + se= 
rum (leprosy); 3) the same + serum (cerebral syphil- 
is; all syphilitic: sera wereW.R, positive [++++]); 4) the 
same + serum (cancer); 5) the same + serum (tubercu= 
losis); 6) the same + serum (progressive paralysis after 
a course of treatment); 7) the same + serum (progress= 
ive paralysis before treatment). 


of the sera of some other patients (with leprosy, cancer, tuberculosis, etc.) by this method gave negative results, 
It should be pointed out that in some cases of latentsyphilis, when the Wassermann reaction and the precipita- 
tion tests (Kahn, Sachs-Witebsky) were _ strongly positive, it was not possible to demonstrate any increase in 
the protein at the site of application of the serum and antigen after chromatography, Of the 23 Wassermann= 
positive sera from patients with different forms of syphilis which we examined, in only 6 cases did we observe 
an obviously positive paper precipitation reaction, 


Variant 2, Inactivated experimental and control sera were applied to strips of paper in volumes of 0,0151 
ml, After completely drying in the air, to the site of application of the sera was carefully applied undiluted 
lipoid antigen in a volume of 0,0051 ml, Such accuracy in the measurement of the volume of liquid was 
achieved by means of an automatic micropipette [2], After 2-3 minutes the strips of paper were placed in a 
chamber for descending chromatography, Chromatography was continued for 3 hours, The treatment of the 
chromatograms and the reading of the reactions were done as was described above. 


The results obtained in these experimental conditions showed that the majority of syphilitic :sera possess 
a well-marked property of forming a precipitate with entigen on paper. At the site of formation of the precipi- 
tate, the nonspecific proteins were evidently also partially held up, but in the process of chromatography these 
were gradually washed out, leaving traces on the paper in the direction of flow of the buffer (Fig, 2, a), It must 
be pointed out that a similar hold-up of part of the protein at the site of formation of the precipitate (this hap~ 
pens most often when the optimum amount of antigen is added) is observed during chromatography of precipitat= 
ing sera of rabbits immunized with serum proteins (see Fig, 2, b). 


* The serological examinations were carried out by E, V. Kantimulina and E, B, Panova in the Regional Venere= 
ological Dispensary. 
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There are indications in the literature that Wassermann=positive sera (++++), may react directly with a 
protein antigen fixed on paper by means of a haloid alkylate [4]. It was shown in our experiments that the inter- 
action of immune proteins of specific sera with antigen on paper may be obtained without preliminary fixation 
of the Lipoid antigen. 


It is still too early to speak of the diagnostic value of the reaction described, for this would demand a 
comparative evaluation of the test on extensive clinical material, Nevertheless the positive results obtained 
may be of definite interest for research in this direction, 

SUMMARY 


Some Wassermann~positive serums give precipitation reaction on paper with diluted lipoid antigen, Pre= 
liminary drying of serum on paper and employment of nondiluted antigen in certain ratios considerably increa- 
sed the sensitivity of this method, It is presumed that Wassermann reagents are precipitated on paper with lipoid 
antigen, 
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ONCOLOGY 


A COMPARATIVE STUDY OF THE ANTIGENIC STRUCTURE OF TUMOR 
TISSUE AND HOMOLOGOUS NORMAL TISSUE 


COMMUNICATION Ii, INVESTIGATION OF THE ANTIGENIC PROPERTIES OF GUERIN'S 
CARCINOMA AND THE NORMAL UTERUS OF THE RAT BY THE USE OF THE TISSUE 
CULTURE METHOD 


M. S. Lomakin 


From the Laboratory of Noninfectious Immunology (Head — Prof, I, N. Maiskii) of the 
Institute of Experimental Biology (Director — Prof, I. N. Maiskii) of the AMN SSSR, 
Moscow 


(Received July 24, 1958, Presented by Active Member AMN SSSR N, N, Zhukovy- 
Verezhnikov) 


In the first communication it was shown, by means of the complement fixation reaction, that rat tissues 
such as carcinoma of the uterus (Guérin strain) and normal uterus have in their composition common antigens 
and also antigens which differ from each other, Hence the aim of the present investigation was to study on a 
culture of rat tumor tissue the action of whole sera of rabbits immunized with antigens from tumor tissue and 
uterine tissue, and also of sera preliminarily adsorbed on these tissues, 


Research in this direction enables first, an idea to be indirectly obtained ofthe antigenic composition 
of the tissues investigated, which is very important for the study of the immunology of cancer; and secondly, 
information to be gained of which of the immune sera possess the highest cytotoxic action in relation to the 
cancer cells; and thirdly these investigations enable the immediate action of antitumor antibodies of narrow 
specificity on these cells-to be demonstrated, 


There are indications in the literature that cancer antisera, adsorbed on the tissues of normal organs, do 
not lose their cytotoxic properties against cancer cells, whereas the sera obtained by immunization of experi= 
mental animals with a suspension of the corresponding normal tissue of homologous origin do not possess this 
action after adsorption [4, 5, 6]. In other words, this method proves the existence of specific cancer antigens 
in malignant neoplasms, 


In consequence of our own findings and the results obtained by other workers, we decided to investigate 
whether the tissue culture method could be used to study the antigenic composition of tumor tissue and of 
homologous normal tissue, 


EXPERIMENTAL METHOD 


In explantation experiments we used tissue from carcinoma of the uterus (Guerin strain) in the rat 
(metastases in internal organs), Fischer’s method [3] of tissue cultivation was used, Into each Carrel dish was 
poured 3 ml of chick plasma, after which the bottom of the dish was rapidly flamed in a spirit lamp and the 
plasma poured off, Next, into each dish was added 2 drops of penicillin solution (50-100 units) and 2 drops of 
20% chick embryonic extract. In isolated cases instead of chick embryonic extract we added an embryonic 
extract prepared from the tissues of 8 - to 10-day-oldratembryos.This medium was inoculated with experimental 
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cultures, After 5-10 minutes a layer of coagulated plasma, 0,5-0,8 mm thick, was formed at the bottom of the 
dishes, In this way it is possible to cultivate many pieces of tissue and yet use a comparatively small amount 
of plasma, Furthermore the bulk of the explantates is to be found on the surface of the coagulated plasma and 
not in its thickness, and hence is in better contact with the test serum or the other components of the liquid 
nutrient medium, 


Depending on the aim of the experiment, into each Carrel dish was poured 2=3 drops of the test serum on 
to the tissue fragments, as complement 2=3 drops of guinea pig serum with a complement titer of 0,04=0,12, a 
balanced saline solution, a 40% solution of glucose with ascorbic acid, 3-4 drops of a 20% solution of chick or 
rat embryonic extract and 2-3 drops of a 0.5% solution of yeast extract. To give greater sterility, to each dish 
was added 50-70 units of penicillin. The following immune sera were used in the experiment: 1) serum of a 
rabbit imminized with antigens from Guerin rat carcinoma tissue; 2) cancer antiserum adsorbed on fresh tumor 
tissue (for greater sterility); 3) cancer antiserum adsorbed on fresh tissue of anormal rat's uterus; 4) serum of a 
rabbit immunized with antigens from tissue of a normalrat's uterus; 5) the same serum adsorbed on fresh tumor 
tissue; 6) the same serum adsorbed on fresh tissue of the particular organ. 


As a control the sera of nonimmunized rabbits were used, The titer of the immune sera was given in the 
first communication, Sera of normal rabbits as a rule did not contain antibodies, We judged the action of the 
sera tested by the general intensity of growth of the experimental cultures and by the morphological picture of 
the zones of growth, The intensity of growth of the fragments was estimated by the ratio between the area of 
the zones of growth to their initial areas, This ratio was designated the growth coefficient, The required area 
of the fragments was determined by tracing their outline on millimeter squared paper by means of a microscope 
and a drawing machine (RA~-1), and it was calculated in mm’, Perfectly fresh immune sera were used in the 
experiment, for there are indications in the literature that, during storage of the sera for a long time in the 
refrigerator, they lose their immunological activity. 


EXPERIMENTAL RESULTS 


During explantation of a Guérin rat carcinoma in normal rabbit serum, of the 50 fragments in the first 
experiment growth was found in 31 cultures, or 62%, All the fragments grew according to an epithelial or a 
mixed type (Fig. 1), In the second experiment on the 5th day of explantation, growth was observed in 48 
fragments of 65, or 73,8%, No destructive changes were observed in the zone of growth in either the first 
or the second experiment. The zone of growth of the experimental cultures consisted of migrating cells, of 
different shapes and sizes, in which large, lightly stained nuclei could clearly be seen, We also saw cells of 
a similar form in case of cultivation of other tumor tissues [1]. 


Fig. 1. Zone of growth of a 5-day old culture of a Guerin rat carcinoma 
explanted in normal rabbit serum, Dilution of serum 1:4, Magnification 
126, Living culture. 
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Fig, 2, Zone of growth of a 5=day old culture of tissue from a 
Guerin rat carcinoma explanted in the serum of a rabbit immune 
to the particular tumor, Dilution of serum 1:4, Magnification 
126, Living culture. 


Of the 170 fragments of tumor tissue cultivated in cancer antiserum (whole) with a high titer of immune 
antibodies, not one showed growth, The cancer antiserum thus completely suppressed growth of the tumor in the 
tissue culture. In the same way no growth was found on the 5th day of the experiment in the culture of tumor 
tissue explanted in the serum of a rabbit immunized with tissues from a normal rat's uterus, Growth was not 
apparent in any one of the 150 cultures, Isolated cultures were found in which the zone of growth consisted of 
individual migrating cells of altered shape (round, small in size and with a coarse, granular protoplasm), 


The serum of a rabbit immune to normal rat's uterus thus also completely suppressed the growth of ex= 
perimental cultures of a Guerin rat carcinoma, 


In order to test the action of immune sera directly on the zone of growth of the cultures, fragments of 
tumor tissue were cultivated for 2-3 days at the beginning of the experiment in normal rabbit serum, after which 
the sera to be tested were added to the medium. In the first series of experiments the cultures were grown for 
3 days on normal rabbit serum, after which cancer antiserum was added to the nutrient medium, In the first few 
days of explantation growth was observed in 41 of the 60 fragments, On the 5th day of cultivation, i.e., in the 
course of 2 days of contact between the fragments and the cancer antiserum, changes in the cells and breaking 
up of the zone of growth began to be observed, The cells became round, vacuolated, reduced in size and 
grouped together in small agglomerations rather reminiscent of the phenomenon of agglutination; in some 
places lysis was observed (Fig. 2). 


Thus a cancer antiserum with a relatively high titer of immune antibodies caused severe destructive 
changes in the cells of the tumor, 


In the second series of experiments, carried out in the same way, we tested the action of the serum of a 
rabbit immune to normal rat's uterus on the zone of growth of the experimental cultures, On the 5th day of the 
experiment growth was observed in 39 fragments of the 60 in culture, In this case modified cells were also 


" observed in the zone of growth, but not to the same degree as after the action of the cancer antiserum on the 


cells (Fig. 3), The cells in the zone of growth of these experimental cultures were rounder and smaller in size 
than in the controls, In isolated places, however, groups of cells with a perfectly viable appearance were 
encountered, as shown by the preservation of their cell structure, membrane and nucleus, No severe destruc~ 
tive changes were observed in the cells, : 
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Fig. 3. Zone of growth of a 5=day old culture of Guérin rat carci- 
noma tissue explanted in the serum of a rabbit immune to normal 
rat's uterus, Dilution of serum 1:4. Magnification 126, Living 
culture, 


It is clear from the results of these experiments that a cancer antiserum with a high titer of antibodies had a 
more marked cytotoxic action on the culture of tissue of the corresponding tumor than the serum of a rabbit 
immunized with tissue of an organ homologous in its origin with the tumor tissue, The results of the experi- 
ments described are shown in Table 1, 


In the next experiments we tested the action on the tissue cultures of the tumor, of immune sera prelimi- 
narily adsorbed on the tumor and on tissue from a rats uterus, On the5th day of the experiment, of 100 frag- 
ments of tumor tissue cultivated in normal rabbit serum, 75 explantates showed growth, with an average growth 
coefficient of 1.35 (Table 2), Of 100 fragments of tumor tissue cultivated in cancer antiserum preliminarily 
adsorbed on tumor tissue, on the 5th day of the experiment growth was observed in 81 cultures, with an average 
growth coefficient of 1,08, No destructive changes were observed in the cells in the zone of growth of the ex= 
perimental cultures, Thus the cancer antiserum, after preliminary adsorption on the tumor tissue, no longer 
contained any antibodies in its composition, for if such had been present, they would have inhibited the growth 
of the experimental cultures, 


TABLE 1 


Intensity of Growth of 5-Day Cultures of Guerin Rat Carcinoma Explanted in Sera of 
Rabbits Immunized with Tumor Tissue or Tissue of Normal Rat's Uterus 


o. of fragments |Morphological picture of the 
howing growth |zones of growth 


epithe - 


No. of 
fragment 
Type of rabbit serum cultiva - 


ted uteunits|in % |lialor destructive 
mixed 


in abso- 


Normal 31 
48 
Cancer antiserum 0 


Immune serum to normal rat's 
uterus 0 0 


Normal + cancer antiserum 41 2 41 


Normal + immune serum to Modified form 
normal rat*s uterus of cells 
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Of 100 fragments of tumor cultivated in cancer antiserum preliminary adsorbed in tissue from normal rat's 
uterus, on the 5th day of the experiment growth was observed in 15 cultures, or 15%, The average growth 
coefficient of these experimental cultures was 0.15, Of the cultures showing growth, 13 fragments had a zone 
of growth of epithelial or mixed type, and in two fragments the zone of growth bore traces of destructive 
changes, 


The results of these experiments showed that the normal rat tissue did not adsorb on itself all the immune 
antibodies present in the cancer antiserum, as was demonstrated by the intensity of growth of the experimental 
cultures. This was presumably due to the fact that tumor tissue contained antigens which were not present in 
the tissue of the normal uterus, 


TABLE 2 


Intensity of Growth of 5-Day Cultures of a Gueren Rat Carcinoma Explanted in Immune 
Rabbit Sera Preliminarily Adsorbed on Tumor Tissue or Tissue of Normal Rat's Uterus 


No. of 


Type of rabbit serum _| fragment 


cultiva- 
ted lute units | in % growt 
| coeff. 


No. of fragments showing Morphological 


picthre of the zones 
growth of growth 


in abso- average /epithel- 
FR or destructive 
mixed 


Normal 


Cancer antiserum adsorbed 
on tumor tissue 


Cancer antiserum adsorbed 
on tissue of rat’s uterus 


Immune serum to uterus 
adsorbed on tumor tissue 


Immune serum to uterus 
adsorbed on tissue of this 
same organ 


Of 100 fragments of tumor tissue cultivated in rabbit serum (immune to normal rat's uterus) preliminarily 
adsorbed on tumor tissue, 48 cultures showed growth on the 5th day, with an average growth coefficient of 0,83 
(see Table 2). No destructive changes were produced by this serum in the cells of the zone of growth, This 
serum thus had an inhibitory effect on the growth of the experimental cultures, but this action was weakly ex- 
pressed and mainly affected the growing fragments, Finally, of 100 fragments of tumor tissue cultivated in 
rabbit serum (immune to normal rat's uterus), which had been preliminarily adsorbed on tissue from the uterus, 
on the 5th day of the experiment growth was found in 79 cultures, with an average growth coefficient of 1,11, 
In other words, this serumhad no inhibitory effect whatsoever on the growth of the experimental cultures, 


The results of our experiments showed that of the two types of immune sera (cancer antiserum and immune 
serum to homologous normal tissue), the cancer antiserum possessed the greatest cytotoxic action in tissue cul- 
ture, The tissue culture method was able to demonstrate the presence of specific cancer antigens in a malignant 
tumor, which distinguished it in its antigenic properties from the corresponding normal tissues, 


These investigations using the method of tissue culture thus confirmed the results which we obtained 
previously and which were described in our first communication [2]. 


SUMMARY 


It is possible to detect the antigenic differences between the normal tissue (uterus) and the homologous in 
origin tumor tissue (Guéren carcinoma) by the method of tissue culture, Such difference consists in the following: 
anticancer serum when adsorbed on the tumour tissue does not possess any cytotoxic effect with respect to the 
cancer cells, while after adsorption of this serum on the normal tissue of the homologous organ, it begins to 
inhibit the growth of experimental cultures, 


Pe a 100 75 75.0 1.35 75 0 
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THE PROLONGED HETEROGENEOUS IMPLANTATION OF MOUSE 
TUMORS IN RATS 


COMMUNICATION III, THE USE OF THE AGGLUTINATION REACTION TO STUDY THE 
ANTIGENIC PROPERTIES OF THE CELLS OF EHRLICH'S ASCITIC CARCINOMA OF MICE 
AFTER PROLONGED IMPLANTATION IN RATS 


I. I. Podopleloy 


From the Division of Immunobiology (Head Active Member AMN SSSR N, N, Zhukov- 
Verezhnikov) of the Institute of Experimental Biology (Director — Prof, I. N, Maiskii) of 
the AMN SSSR, Moscow 


(Received September 22, 1958, Presented by Active Member AMN SSSR N, N, Zhukov- 
Verezhnikov) 


It is only recently that the agglutination reaction has been introduced into oncology as a method of study= 
ing the immunology of malignant cells, and then only in respect to the ascitic form of tumor[1, 2, 8]. By this 
means it was shown that antigenic structures of a species-specific and cancer-specific nature are present on the 
surface of cancer cells. 


The antigenic composition of heterotransplanted tumors, as has already been pointed out [7], has not been 
adequately studied, although research in this direction has revealed the character of the relationship between the 
tumor and the host animal, as well as the variation and signs of adaptation of the tumor cells of the hetero- 
transplantates [3-5], 


Our investigations were made on the prolonged transplantation of a mouse carcinoma in rats, in the course 
of which the tumor grew intensively and retained its ascitic character [6], This feature enabled the agglutination 
reaction to be used to analyze the antigenic composition of the surface of the cancer cells of the heterotrans= 
plantates. 


When studying the different generations of the tumor, we directed special attention to the possibility of 
modifying the species-specific antigenic structures, 


EXPERIMENTAL METHOD 


In performing the agglutination reaction we employed a new modification of the method, as suggested by 
M, M. Kapichnikov for the immunological study of the cancer cells of homotransplantates [2]. 


As antigens we used suspensions of cancer cells in physiological saline (0,85% NaCl in concentrations 
corresponding to a standard bacterial suspension of 1.5-2.0 x 10° organisms, Freshly obtained cancer cells were 
washed five times in physiological saline (with gradual sedimentation for 14-2 hours at +4° three times, and 
rapid sedimentation by centrifugation for 30 seconds to 1 minute at 3000 rpm twice), The material used in 
each experiment was heterotransplantates — cancer cells obtained from the ascitic exudate of rats—and the 
permanent control investigations were made on cancer cells of the original Ehrlich's mouse carcinoma (homo~ 
transplantates). 
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As in the performance of the complement fixation reaction, so also in these experiments we used three 
types of immune sera: against cells of Erlich’s mouse carcinoma, against mouse liver and against rat liver. 


By means of the cancer antiserum we investigated to what degree the heterotransplantates retained the 
original antigenic composition of the mouse tumor, and by means of the mouse liver antiserum, the extent to 
which they retained the species antigens of the mouse, common to both tumor and liver, Using the rat liver 
antiserum, we studied the extent to which the heterotransplantates had acquired the species antigens of the rat. 


The results of the agglutination reaction were read on the 2nd day, i.e., after the mixed cells and sera 
had been kept at +4° for 48 hours, Altogether 70 tumor passages were studied, corresponding to a heterotrans= 
plantation time of 1 year, 


EXPERIMENTAL RESULTS 
Some comparative results of this investigation are shown in Table 1, 


As may be seen from Table 1, the antisera to the carcinoma and to mouse liver reacted with the cells of 
the homo- and heterotransplantates in the same titer (+ in dilutions of 1:320 and 1:64) almost to the 50th pas- 
sage, but in subsequent generations they reacted appreciably weaker (+ in dilutions of 1:80 and 1:160), The 
heterotransplantate antigens constantly reacted more weakly (+ in dilution of 1:40) with the rat liver antiserum 
than did the homotransplantate antigens (+ in dilution of 1:20), 


It might have been thought from these findings that, after their first transplantation in rats, the cells of the 
heterotransplanted Ehrlich’s tumor acquired a small quantity of rat antigens, and that later on, after the 50th 
passage, a marked loss of certain mouse antigens was combined with this process, The idea could not be ruled 
out, however, that these findings could have been due to adsorption of rat protein on the surface ofthe cancer 
cells of the heterotransplantates. 


In order to test this hypothesis we carried out control experiments, Cells of the original mouse tumor were 
washed in the usual way and kept in rat serum for 1 hour at 37°, and were then used as a third antigen in the 
reactions. 


As may be seen from Table 2, the serological activity of these cells was essentially unchanged, It was 
observed simply that they reacted with rat antiserum just as did the cancer cells of the heterotransplantates 
(+ ina dilution of 1:40), These findings suggested that the “acquisition” of rat antigens could be accounted for 
by adsorption of rat protein on the surface of the cancer cells, but that the degree of adsorption was very slight, 
since no “weakening " of the mouse antigenic properties was observed, 


Thus a true change in the antigenic composition of the surface of the mouse carcinoma cells appeared 
only after a long period of heterotransplantation (after 50-56 passages, i.e., in the 8th-9th month of heterotrans~- 
plantation), It took the form of loss or modification of certain antigens common to both tumor and mouse liver, 

e., specific mouse antigens, It is interesting that an analogous weakening of the original species properties 
was also found during a study of the heterotransplantates by the complement fixation reaction method [7], and 
also that at the same time as the antigenic structure of the Ehrlich’s tumor was changed after 40-55 generations 
in rats, so also were its biological properties, as shown by a weakening of its growth in mice [6]. 


SUMMARY 


The antigenic content of Ehrlich's mouse carcinoma transplanted for more than a year on young rats was 
studied with the aid of cancer cell agglutination reaction (in M, M, Kapichnikov’s modification), Rat species- 
specific antigens appear on the surface of cancer cells begining from the first generation of rats, evidently, 
at the expense of the rat protein adsorption, In addition to this, after 50 generations, certain mouse species - 
specific antigens disappear from the surface of cancer cells, Identical results are obtained in complement fixation 
reaction, The loss of mouse antigens is accompanied by a simultaneous decline in the growth of the tumor 
heterotransplants on mice, 
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THE EFFECT OF THE DOSE OF TUMOR TISSUE ANTIGENS ON THE 
PRODUCTION OF SPECIFIC ANTIBODIES 


P. Filatov 


From the Laboratory of Noninfectious Immunology (Head — Prof, I, N, Maiskil) of 
the Institute of Experimental Biology (Director ~ Prof, I. N. Maiskii) of the AMN 
SSSR, Moscow. 


(Received August 1, 1958, Presented by Active Member AMN SSSR N, N. Zhukoy- 
Verezhnikov) 


Many workers[1, 2, 5, 7] have shown that the ability of the body to produce antibodies depends not only 
on the individual characteristics of the animal but also to a considerable degree on the species specificity of the 
antigen used for immunization, on the duration of the immunization and also on the sex, age and diet of the 
donor animals, These observations relate mainly, however, to infectious immunology. 


Workers [3, 4] who immunized animals with tissue antigens reached similar conclusions, 


The question of the effect of various factors on the production of antibodies against tumors in response 
to the immunization of animals with tumor material has been Little studied and there are only occasional 
references to it in the literature, We were able to find only one paper [6], in which the author reported that 
immunization of rabbits with large doses of a nucleoprotein fraction of tumor antigens brought about an increase 
in the titer of precipitins in the serum, 


In view of the sparsity of research on this subject, we carried out experiments to ascertain the effect of 
the dose of tumor tissue antigens injected on the production of antitumor antibodies, and also to study the 
dynamics of antibody formation after the cessation of immunization. 


EXPERIMENTAL METHOD 


Experiments were carried out on guinea pigs and rabbits, The animals were immunized with saline extracts 
of tumor tissue from an Ehrlich’s mouse adenocarcinoma (ascitic form) in accordance with the shortest scheme 
which we could find in the literature, on 4 occasions at intervals of 24 hours, 


The first series of experiments, carried out on guinea pigs, was of a purely exploratory character. 
The animals were divided into 2 groups with 6 in each. The antigens were injected subcutaneously; the first 
group of animals received a dose of 0,2 mg (as protein), the second group a larger dose of 12 mg (as protein) 
per course of immunization, The protein content of the antigen was determined as nitrogen by Conway's 
method, On the 5th day after the last injection of antigens, and on the 6th day thereafter, blood (5 ml) was 
taken from the heart of the guinea pigs and serum prepared from it for serological analysis, 


The second series of experiments was carried out on rabbits, The animals were subdivided into 5 groups, 
with 4 in each, The animals of the first group were injected intravenously with a dose of 0,2 mg per course 
of immunization, the second with 2 mg, the third 12 mg, the fourth ~ 40 mg and the fifth — 100 mg(as protein), 
Before, during and after the completion of immunization, blood was taken from the rabbits and sera prepared, 
After immunization blood was taken every third day for a period of 24 months, 
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TABLE 1 


The Complement Fixation Reaction of the Guinea Pig Sera with Antigens from Tumor 
Tissue and from Tissue from the Spleen of a Normal Mouse 


Antigens | Antigens 
small |Ani- Dilution large dose 


| mal of sera | 
tumor ‘apes No, tumor |spleen 


[+++ 
+++] ++ 
++(+4) 


4. 
h 


+44 
+++] ++ 
++] + 


Note to Tables 1 and 2, The letter h indicates complete hemolysis, Complete hemoly- 
sis was observed in the antigen and serum controls in every case; complete inhibition of 
hemolysis was found in the control of the hemolytic system, 


All the sera so obtained were subjected to serological examination by the classical complement fixation 
reaction method at 37° after preliminary estimation of the working dose of complement and antigens, 
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EXPERIMENTAL RESULTS 


The results of the first series of experiments are given in Table 1, from which it can be seen that the 
titer of antitumor antibodies in the sera of guinea pigs immunized with relatively small doses of antigens varied 
from 1:40++ to 1:100 ++, The titer of antitumor antibodies in the sera of guinea pigs which received injec= 
tions of larger amounts of antigens was considerably higher, and varied from 1:200 ++ 1:400 ++, 


With the relatively larger dose of antigen which we used in the immunization of the guinea pigs, the 
production of antitumor antibodies thus was enhanced, The complement fixation reactions illustrated in 
Table 1 were carried out with sera obtainedon the 9th day after the last injection of antigen, As a result of the 
study of the trend of antibody production in the guinea pigs it was found that the highest titer of antitumor 
antibodies was observed between the 15th and 20th days after the last injection of antigens, 


In order to determine with greater accuracy the optimal dose of antigens, in the second series of experi-=- 
ments the rabbits were immunized with five different doses, 


In Table 2 are shown the results of titration of antisera obtained on the 9th day after the conclusion of 
immunization (second series of experiments), The titer of antitumor antibodies in the sera of the animals 
immunized with antigens in a dose of 0,2 mg (as protein) per course of immunization was very low (1: 100 ++ 
or 1:200++), In the groups of animals receiving injections of antigens in a dose of 2 and 12 mg per course, a 
much higher titer of antitumor antibodies was observed than in the sera of the first group of animals, varying 
from 1:100++ to 1:800++, When the dose of antigen injected was increased to 40 mg per course, the titer of 
antitumor antibodies fell perceptibly and hardly reached 1:200++, The titer of antitumor antibodies was 
even lower in the sera of the animals immunized with a dose of 100 mg of antigens per course; in only one 
rabbit (No, 2562) did it reach 1;100 ++, and in the rest it varied between limits of 1:20 ++ and 1:40 ++. 


It was thus demonstrated in the second series 


4 8 Rabbit No. 2652 of experiments that the dose of tumor antigens in=- 

~ 1800 ¢ jected played a definite role in the formation of 

_ nae cI specific antibodies, It must be pointed out that a 
oe direct relationship between the production of anti- 
100 & tumor antibodies and the dose of antigens injected 


clearly existed up to a certain moment, after which 


7 i Rabbit No. 2014 an increase in the dose of antigens did not lead to an 
A increase in the titer of specific antibodies, 

4 on } These observations were in agreement with the 
findings of various authors both in infectious immun= 


+3 . ology and during immunization of animals with tis- 
=] sue antigens, 


We also studied the trend of antitumor anti« 
body formation in rabbits after immunization, 


The figure illustrates the most characteristic 
curves showing the trend of antibody formation in 
rabbits after immunization with antigens from tissue 


Immunization 


i= 
14004 2 
B Rabbit No. 2305 of an Ehrlich’s mouse tumor, The apices of the 
oun a angles on the curves designate readings of the com= 
3 plement fixation reaction with an intensity of ++, 
140) 


—* As may be seen from the figure, antibody 
25 8 17 2023 26 44 47 S053 565962 66 68 70 formation took place ina fluctuating manner, 
Days Antitumor or antispleen antibodies predominated 
in the serum, This fluctuating antibody formation 
was observed in the sera of the animals of all the 
groups, It is necessary to stress that each animal 
reacted in its own way to the injection of antigens, 
During immunization of rabbits with the optimal 


Trend of antibody formation in rabbits after immuniza= 
tion with antigens from tissue of an Ehrlich's mouse 
tumor, 1) Complement fixation reaction with antigens 
from tumor tissue; 2) complement fixation reaction with 
antigens from spleen tissue, 
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doses of antigen in accordance with our scheme, this fluctuating trend was more pronounced and was apparent 
for a longer time (animals Nos, 2014 and 2652), 

It follows from the results described that the optimal doses in the immunization of rabbits with antigens 
from tumor tissue (Ehrlich’s ascitic strain) varied from 2 to 12 mg (as protein) per course, It is also necessary 
to point out that by constant serological control of the course of antibody formation it is possible to obtain 
sera with a considerable preponderance of antitumor antibodies. 


SUMMARY 


The antigen dosage of the Ehrlich's ascitic tumor tissue employed in immunization of rabbits has a con= 
siderable effect on the titer of specific antibodies, However, the antitumor antibody production depends di- 
rectly on the dosage of the antigens only when administered up to a certain moment following which an increase 
of the dose does not promote the rise of the specific antibody 

After cessation of immunization the antibody production has an undulating character, At one time it is 
the antitumor antibodies that prevail in the serum, while at the other, the antisplenic antibodies, By a con= 
stant serological control of dynamics of the antibody production it is possible to obtain a serum with a consider- 
able prevalence of the antitumor antibodies, 
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REGENERATION OF THE KIDNEY FOLLOWING COMPENSATORY 
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G. G. Samsonidze 


From the Laboratory of Growth and Development (Head — Prof, L. D, Liozner) of the 
Institute of Experimental Biology of the AMN SSSR (Moscow) and the Department of 
Histology (Head — Prof, S, E, Sakvarelidze) of the Tbilisi Medical Institute 
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Several workers [2, 3, 4] have demonstrated the ability of the mammalian kidney to undergo reparative 
regeneration, They have shown that regeneration is observed only after the total extirpation of one kidney and 
the partial removal of the other, Resection of a part of one kidney is not accompanied by regeneration; in re= 
sponse to injury a compensatory hypertrophy of the opposite kidney takes place, 


In the experiment of simultaneous removal of one kidney and injury to the other, the response to trauma 
is of a complex character, As may be imagined, it is a combination of the results of compensatory hyper- 
trophy and of regeneration, The kidney on which the operation is performed reacts in the first place to the 
removal of the opposite kidney, this reaction is compensatory in character; secondly, it reacts to the removal 
of its own tissue, this reaction is regenerative in character, On the basis of such an experiment it is, there=- 
fore, difficult to decide which changes can be regarded as compensatory and which as regenerative, Difficulty 
arises in particular in connection with the fact that restoration of the kidney after operation proceeds along the 
lines of regenerative hypertrophy, i.e., all the tissues of the kidney are involved in it, even those not directly 
concerned in the injury [1]. 


So that we could study the processes of regeneration in a purer form, we first removed one kidney from a 
rat and produced compensatory hypertrophy of the other, and we then performed resection of one third of the 
remaining kidney. 


EX PERIMENTAL METHOD 


For the experiment we used male white rats weighing 100-140 g, The animals were subdivided into 4 
groups, From all the animals of the first 3 groups the left kidney was removed; the fourth group (5 rats) acted 
as controls and no form of procedure was carried out on these animals, In the experimental animals of the first 
group (8 rats) about one third of the right kidney was resected one month after the operation, The rats were 
killed 49 days after the second operation, The second group of experimental animals (8 rats) were killed 30 
days after nephrectomy, at the same time as the second operation was performed on the rats of the first group. 
The third group of experimental animals (9 animals) were killed 89 days after nephrectomy, 


The part of the kidney resected was from the convexity, The incision was made parallel to its long axis, 
The area removed was mainly composed of cortical substance, The killed animals were weighed, and the kid- 
neys weighed and measured, 


By means of a planimeter the cross~sectional area through the middle of the kidney and the areas occupied 
by cortex and medulla were measured, The area of the individual Malpighian bodies was also measured and 
the mean value for 50 bodies was derived. In addition to this, we measured the diameter of the convoluted 
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TABLE 1 
Weight and Dimensions of the Kidneys of Experimental and Control Rats 


‘we Area of section, 
Wt of kidney in mm? 


abs,, felative, | total 
in mg [in % iness substance 


1st, 2nd and 3rd groups. Initial 
values 468 | 0.38 14.1 17.9 15.1 


1st group, Removal of the left 
kidney, followed month later 
by resection of the right 1 211 19.3] 9. ; 32.0 


2nd group. Removal of the left 
kidney; animals killed after 1 
month 125 


3rd group. Removal of the left 


kidney; animals killed after 3 
months 1 422 


Control 918 


tubules and the collecting tubules, the height of the tubular cells, the distance between the nuclei and the size of 
the lumen of the tubules and Malpighian bodies, In the case of each of the indices enumerated,the mean value 
of 50 measurements was calculated, Statistical treatment of the results showed that with this number of meas- 
urements it was possible to obtain values that were reproducible, 


EXPERIMENTAL RESULTS 


In Table 1 are shown the results characterizing the change in the weight and dimensions of the kidneys 
in all the groups of animals, 


In the first line of Table 1 (initial values) details are given of the weight and dimensions of the left kidney 
which was removed at the beginning of the experiment, The figures in all the remaining lines relate to the 
right kidney, and this applies also to the control rats, The differences between the weight and dimensions of the 
right and left kidneys of the control animals were not statistically significant, As may be seen from Table 1, 
the kidneys undergoing compensatory hypertrophy (2nd and 3rd groups) grew more than either kidney of the con= 
trol animals, Only one month after operation, the weight of the compensatorily hypertrophied kidney was 
greater than the weight of the kidney of the control animals, and at the end of the experiment the difference 
between then was even more significant, The weight of the kidney undergoing resection also increased notice= 
ably; it exceeded the weight of the corresponding kidney in the control animals by 32%, and in respectto its 
relative weight, by as much as 41%, The weight of the protion of kidney removed amounted,on the average,to 
452 mg, At the moment of resection the average weight of the kidney (as shown by the figures relating to the 
2nd group of animals) was 1125 mg, so that it could be considered that the portion of the kidney remaining 
after resection weighed roughly 670 mg, At the end of the experiment the weight of the residual portion of 
the kidney was 1211 mg; it had thus almost doubled in size during the experiment, Whereas in the animals of 
the 3rd group the kidney had gained in weight over 297 mg after 2 months, in the 1st group the weight of the 
kidney had increased by 538 mg, 


At the end of the experiment the kidney subjected to resection was longer than the kidney in the remaining 
groups of animals, and was the same thickness as the kidney of the animals of the experimental groups, Its width 
was only slightly less than that of the kidneys of the control animals, This difference was statistically significant 
(p = 0,255), Under these circumstances it must be remembered that the resection led to a considerable reduction 
in the width of the kidney by 4,5 mm, i.e., by almost half (the width of the kidney at the beginning of the 
experiment was 8 mm). 
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TABLE 2 


Number of Malpighian Bodies and Their Area in the Kidneys of Experimental and Control 
Rats 


Number of Area of bodies, 1% Beal oo 
bad 
3 
Group of animals 380/350 
690) Seo 
° 
= ES acs 


1st, 2nd and 3rd groups. Initial 
values 138 | 9.3 |2381 | 327588/4.0 | 9.1] 6.9 


lst group. Removal of the left 
kidney, followed one mont 
later by resection of the right | {40 5.0 6290 | 882511 | 8.1 | 18.9] 13.6 
2nd group. Removal of the left 
kidney; animals killed after 1 
month 143 5.1 4566 | 653539 | 5.4 | 11.2] 19.7 


3rd group. Removal of the left 


kidney; animals killed after 3 
months 156 


Control 157 


4887 | 761994 | 6.1 | 11.2] 10.9 
3678 | 575856 | 4.0 | 10.9] 8.3 


an 


The cross-sectional area through the middle of the resected kidney 2 months after operation was close 
to the original area at the time of resection, and was greater than the area of a section through the middle of 

the kidney of the control animals, These findings thus showed the considerable growth of the mass of the kid- 
ney after operation as the result of the regenerative processes taking place in it, Some idea of the nature of these 
processes may be gained from the figures in Table 2, 


As may be seen from Table 2, during the experiment the number of Malpighian bodies in cross section 
was slightly increased in the animals not undergoing any form of procedure from 136-140 to 155-157, At the 
same time the mass of the cortical layer of the kidney grew at a greater rate, and the number of Malpighian 
bodies per unit area in this layer accordingly fell (from 9-9,8 to 5,9), The same relationships were also charac- 
teristic of the kidney which had undergone compensatory hypertrophy for 3 months; the number of bodies per 
mm’ in this layer was even smaller, 5,1, In the resected kidney 2 months after operation the number of Mal- 
pighian bodies was slightly less than that in the kidney of the control animals, 140 compared with 157, If it is 
remembered, however, that a cross section of the resected portion of kidney contained on the average 100 Mal- 
pighian bodies, it is obvious that there was a considerable increase in their number during the experiment, In 
consequence of this, the number of bodies per mm? in the resected kidney became equal to that in the kidneys 
after compensatory hypertrophy, It is interesting that the dimensions of the renal corpuscles in the regenerating 
kidney were greater than in the kidneys of the remaining groups of animals, There was no overlapping of the 
ranges of the corresponding figures, The increase in the size of the Malpighian bodies was due to an enlarge= 
ment of the cavity of the body and of the area taken up by its cells, The latter was dependent on an increase 
in the number of cells (the number of nuclei was 73% greater than in the controls) and also on their hypertrophy 
(the distance between the nuclei had increased to 64% greater than the control value), In the kidneys undergoing 
compensatory hypertrophy the differences in the size of the Malpighian bodies from that of the controls were less 
sharply expressed, It was particularly important to emphasize that in compensatory hypertrophy there was no 
increase in the number of cells in the capsule (the differences which occurred were not statistically significant, 
p = 0.767) and the increase in the size of the Malpighian body was thus mainly due to hypertrophy of the cells 
and to enlargement of the cavity. 


The changes taking place in the convoluted tubules of the cortical layer may be seen from the results 
given in Table 3, 
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TABLE 3 


Dimensions of the Convoluted Tubules of Experimental and Control Rats 


Group of animals 


Diameter 


1st, 2nd and 3rd groups, 
Initial values 


1st group. Removal of the 
left kidney followed one 


mogth aise by resection 
killed 
after 1 month 
3rd group. Removal of the - 
left kidney; animals killed 
after 3 months 


Control 


These results show that the diameter of the tubules reached its largest size in the kidneys undergoing 
regeneration, This increase in diameter was statistically significant, The difference in the size of the tubules 
in the kidneys undergoing compensatory hypertrophy and regeneration was due not only to enlargement of their 
lumen but also to an increase in the area occupied by their cells (transgression absent), The number of cells 
(nuclei) per transverse section of a tubule was significantly greater (by 60% ) in the kidneys undergoing regen- 
eration than in the controls (transgression absent); this indicated that cell hyperplasia w as taking place during 
regeneration, In the kidneys undergoing compensatory hypertrophy there was no increase in the number of cells 
by comparison with the controls (the differences were not statistically significant), Hypertrophy of the cells of 
the convoluted tubules was observed in all the groups of experimental animals, but it was not very marked and 
did not exceed 30%, The differences in the degree of hypertrophy in the tubules of the kidneys undergoing 
compensatory hypertrophy and regeneration were very small, but they were nevertheless statistically significant, 


We found the same relationships, i.e., the presence of hyperplasia during regeneration and its absence 
during compensatory hypertrophy, from measurements taken on the collecting tubules in both the cortical and 
medullary layers. These results are not given here, 


Summing up, it may be concluded that the kidney in which compensatory processes had taken place for 
one month was capable of further growth as the result of continuing compensatory hypertrophy and of regenera~ 
tion in response to removal of a portion of the organ, When regeneration was observed, it took place more 
quickly than compensatory hypertrophy, i.e., the increase in the weight of the kidney was more strongly expressed, 
It is thus possible to produce experimentally regeneration of the kidney differing in a number of signs from 
compensatory hypertrophy. In the conditions of our experiments regeneration took place against a background 
of compensatory hypertrophy. 


From a comparison of the course of compensatory hypertrophy (after removal of one kidney) and regenera- 
tive hypertrophy (after resection of part of a kidney), it is possible to define the essential defferences between 
them. During regeneration the number of Malpighian bodies was increased, this was not observed during com- 
pensatory hypertrophy under the conditions of our experiments, The dimensions of the Malpighian bodies and 
tubules were greater in the kidney undergoing resection, It was particularly important that the dimensions of 
the Malpighian bodies and tubules of different type increased during regeneration mainly on account of hyper- 
plasia of the cells, and partially on account of their hypertrophy, whereas in compensatory hypertrophy this in- 
crease was due mainly to cell hypertrophy. The processes of regeneration and of compensatory hypertrophy there- 
fore possess distinctive features enabling them to be differentiated within certain limits. 
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SUMMARY 


Left kidney was removed in sexually mature rats; in a month 1/, of the remaining kidney was resected, 
Comparative study of changes occurring in the regenerating kidney and those taking place in the kidneys under- 
going compensatory hypertrophy (conducted for the period of 1 and 3 months) demonstrated that they are some= 
what different, The regenerating kidney approaches the kidneys undergoing compensatory hypertrophy by its 
size and weight, but is much larger than the kidneys of control animals, Malpighian bodies and tubules are 
larger in size in regenerating kidney than in the kidneys of control animals and in the organs which underwent 
compensatory hypertrophy. This enlargement is mainly caused by the cellular hyperplasia, As to compensatory 
hypertrophy, cellular hypertrophy is the main process occurring. 
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The influence of the peripheral nervous system on the rate of healing of skin wounds, and especially on 
the changes in mitotic activity of the regenerating tissues has received very inadequate study. Research into 
these subjects is, however, of essentail importance to an understanding of the laws governing regenerative pro= 
cesses and cell division, 


The data in the literature on these questions are few in number and contradictory, Some authors [1, 11] 
report acceleration of healing of skin wounds when the nerve supply of the tissues is disturbed, whereas others 
(5, 9, 10, 14, 15) under the same conditions observed retardation of the processes of wound healing. Even less 
work has been done on the study of the changes in the mitotic activity of the cells in process of regeneration 
when the nerve supply of the tissues is disturbed, It is only in a paper by L, I, Sazanov [10] that quantitative 
findings are given on the changes in the mitotic activity of the tissues during the healing of skin wounds in 
different animals after division of the peripheral nerves, 


The aim of the present investigation was to study the changes in the rateof healing of skin wounds in the 
mitotic activity of the regenerating epidermis when the nerve supply to the limb was disturbed, 


EXPERIMENTAL METHOD 


Experiments were carried out on 67 sexually mature male white rats (weighing on the average 185 g), 
Denervation of the left hindlimb was performed in the experimental animals by excision of a portion of the 
nerve about 0.5 cm long. The femoral nerve was excised at the level of Poupart’s ligament, the obturator nerve 
in the pelvis and the sciatic nerve directly at the point of its emergence from the pelvis, All the operations 
were conducted under ether anesthesia. 


The changes in the dimensions of skin wounds during healing were studied by outlining their contours on a 
celloidin film, cutting out pieces of the film along the lines corresponding to the edges of the wound, and then 
weighing them on torsion scales, The results of daily measurement of the wounds were converted into percent- 
ages of the value obtained for the area by measurement of the wound within 24 hours of its infliction, 


In order to study the changes in mitotic activity at different periods of regeneration, pieces of skin were 
excised from an area adjacent to the wound surface, The material was fixed in Bouin's fluid and embedded in 
celloidin-paraffin wax, Sections were cut to a thickness of 7 and stained with hematoxylin by Carazzi's 
method, The mitoses were counted in the epidermis only in areas of skin lying next to the wound, The mitotic 
coefficient was calculated per 1000 from not less than 3000 cells in each case, To count the mitoses we used 
a 90x objective and a7 x ocular. 
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When comparing the mitotic coefficients and the other numerical values obtained, the probability P of 
chance variation of their values was obtained by the Fisher-Student method. 


EXPERIMENTAL RESULTS 


In the first series of experiments we made a comparative study of the rate of healing of skin wounds in 
the denervated and undenervated limbs of rats, For this purpose, in the experimental animals (14 rats) we di- 
vided the nerves in accordance with the method described above, and in the controls (14 rats) we divided only 
the soft tissues of the left limb, On the 10th day after the operation, an area of skin measuring 4 x 8 mm was 
excised from both forearms and both shins of all the animals, 


days 


Fig, 1. Rate of healing of skin wounds in experimental rats. 
(Along the ordinate axis, dimensions of the skin wounds as a 
percentage of their area in the first day after operation), 1) 
Changes in the dimensions of the wounds of the left hindlimb 
during their conversion into ulcers; 2) changes in the dimen- 
sions of the wounds of the left hindlimb during healing; 3) 
changes in the dimensions of the wounds of the right hindlimb 
during healing; 4) changes in the dimensions of the wounds on 
the right forelimb during healing; 5) changes in the dimensions 
of the wounds on the left forelimb during healing, 


It was found that the wounds on both the fore- and hindlimbsof the control animals healed at approxi- 
mately the same rate, In 12 of the 14 control rats, for instance, complete healing of the wounds was observed 
on the 8th day after operation, and in two only, on the 10th day. 


We obtained different results in the experimental animals, The changes in the dimensions of the wounds 
at different times are shown in Fig, 1, 


As may be seen from Fig, 1, healing of the wounds of the forelimbs took place at the same time and was 
completed on the 10th-12th day, i.e., slightly later than in the same limbs in the animals of the control group. 
Healing of the wounds of the undenervated shin, especially in the middle periods of the process of regeneration, 
took place much more slowly than on the forelimbs, and in the majority of animals it was only completed on 
the 16th=20th day. 


The wounds of the denervated limb healed still more slowly, On the 20th day after operation, for in- 
stance, in the majority of rats the wounds of this limb had not completely healed, and in some animals, after a 
brief reduction in the size of the wounds, they began to enlarge rapidly and to be converted into ulcers, This 
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Mitotic Coefficient in the Epidermis of Rats during Healing of Skin Wounds of the Shin in 
Control and Experimenta! Animals 


Mitotic coefficient in . Mitotic coefficient in 
Time of regen- |Animal |©°Mtrol animals 


eration (days) q jundervated 


dqnervate skin 


Average 


Average 


Average 


Average | | 


difference in the changes in the dimensions of the wounds is illustrated in Fig, 1 in the form of two curves, one 
of which shows the changes in the area of the gradually healing wounds (10 rats), and the other, changes in the 
dimensions of wounds unhealed after a considerable length of time (4 rats). Fig, 2 illustrates the external ap- 
pearance of one of these ulcers arising at the site of infliction of a wound. 
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The aim of the second series of experiments was 
to make a comparative study of the mitotic activity of 
the epidermis during regeneration of skin wounds of 
denervated and undenervated limbs, In accordance 

with the times of regeneration, the animals of this ser- 
ies were subdivided into 5 groups, each of which con= 
sisted of 3 control and 5 experimental rats. In the ex=- 
perimental animals, as in the first series, the left hind- 
limb was denervated, and in the control animals the 

soft tissues alone were incised, On the 10th day after 
operation, skin wounds were inflicted on all the animals, 
on the posterolateral aspect of the upper third of both 
shins, The mitotic activity was studied on the Ist, 3rd, 
5th, 7th and 9th days after operation, 


The results showin the changes in the mitotic 


i 9 ing isi i in- 
Fig. bes Moahealing ulcer arising at the site of - coefficient in the epidermis of the experimental and 
fliction of a skin wound on the denervated limb control animals are given in the table, As can be seen 
of a rat. from the table, the average mitotic coefficients in the 


epidermis of both limbs of the control rats revealed no 
essential difference at any period of regeneration, The highest mitotic coefficient was found in the first 24 hours 
of regeneration; thereafter it diminished slightly. In the experimental animals the average mitotic coefficients 
in the epidermis of the denervated and undenervated limbs likewise showed no difference at any period of re= 
generation (the very small variations which we observed were not significant). We have previously [8] shown 
that division of nerves leads to a fall in number of dividing cells in the epidermis of the denervated limb by 
comparison with the undenervated limb of the same animal, This phenomenon was not observed in conditions 


of regeneration, 


At the same time it follows from the table that the average mitotic coefficient in the experimental rats 
on the Ist, 3rd and 9th days of regeneration was lower than in the corresponding limbs of the control animals, 


The slower healing of the wounds in the experimental animals was thus accompanied by a lower mitotic 
activity of the epidermis at the various periods of the regenerative process, 


It is interesting that the mitotic coefficient was highest in the first 24 hours of regeneration, Other work- 
ers [4, 7, 12, 13] have obtained identical results in mammals, At the same time, in experiments carried out 
mainly on amphibia [2, 3, 6], a considerable fall in the number of cell divisions was observed in the first days o 
of the process of regeneration. It is difficult tosay at this stage whether this is due to species differences or to 
some other factor affecting the healing of wounds. 


The results described in the present paper demonstrate the fundamental role of the nervous system in the 
processes of wound healing and in the regulation of the mitotic activity of the tissues of the body. 
SUMMARY 


Ischial, femoral and obturator nerves were divided unilaterally in rats, On denervated extremities the heal- 
ing of skin wounds was much slower than in the one with the nerves intact. In the latter case the skin wounds 

heal slightly slower than in control animals, On the Ist, 3rd and 9th days of regeneration the mitotic coeffi- 
cient of the epidermis adjacent to the wound surface is almost the same in denervated extremities as in those 
with the nerves intact, but is lower than in the limbs of control animals, 
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A COMPARATIVE CYTOLOGICAL ANALYSIS OF TISSUE CULTURE CELLS 
UNDER NORMAL CONDITIONS AND EXPOSED TO THE ACTION OF 


POLIOMYELITIS VIRUS 


COMMUNICATION I, THE TREND OF THE CYTOLOGICAL CHANGES IN 4 VARITIES OF CELLS 


CULTIVATED IN NORMAL CONDITIONS 


S. Ya. Zalkind and L. G. Stepanova 


From the Moscow Research Institute of Preparations against Poliomyelitis 


(Received October 4, 1958, Presented by Active Member AMN SSSR V. N, Chernigovskil) 


Since the publication of work which showed that the method of tissue culture could be used for virological 
purposes [3, 9-12], an extensive literature has accumulated concerning the various aspects of this subject, The 
cultivation of a number of normal and tumor tissues in liquid nutrient media has, in particular, fully justified 
itself, Under these circumstances the cells are arranged in the form of a continuous layer on the walls of the 
flask and they are usually studied unstained, through the glass, under the low power of the microscope. The ac- 
tion of the virus is judged in these conditions by its cytopathogenic effect, i.e., by the injury and death of the 
affected cells [6, 7]. 


This method of study gives only the most general picture of the changes in the culture and sheds no light 
on the details of the processes taking place. 


It is desirable to make a detailed study, by means of cytological and cytochemical methods, of the 
changes taking place in the culture from the moment of transfer to fresh nutrient medijm to its natural degener- 
ation (in the absence of subculture) both in normal conditions and under the influence of the virus. 


We considered it necessary to conduct this investigation from the comparative cytological point of view, 
by studying the changes in two varities of normal tissues (kidney cells of Macacus rhesus andheart cells of Ma- 
¢acus cinomolgus) and two varieties of malignant tumor cells (HeLa cells and Hep~2 cells), 


The practical importance of our investigation was associated with the fact that all the varieties studied 
are used in the cultivation of viruses. 


EXPERIMENTAL METHOD 


A suspension of trypsinized celis of the varieties mentioned above was placed (in an inital concentration 
of 50,000 units/ m1) in Carrel or Povitskaya flasks containing nutrient medium, 


We tried to create so far as possible identical conditions for the cells, in the sense of the composition of 
the nutrient media. The cultures which we used were divided into two groups in accordance with the composi- 
tion of the nutrient media: kidney cells and HeLa cells, The latter were grown on a medium consisting of a 
0.5% solution of lactalbumin hydrolyzate in Hanks's solution with 2-5% of ox serum; the heart and Hep=2 cells 
were cultivate in medium No, 199 with 10% calf serum, 


At the same time mica disks were placed in the vessels, on which cells settled from the suspension, re= 
maining here until degeneration, when they came off the mica and fell into the liquid medium, In our 
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experiment, which lasted not more than 7=8 days, the cells remained on the mica until the end. The nutrient 
medium was not changed throughout the period of investigation, The mica disks were fixed every day for 15 
minutes in Bouin's fluid, and then stained with hematoxylin-eosin and mounted in Canada balsam, 


In addition to the morphological analysis, we studied the mitotic activity in the cultures, This was ex= 
pressed by the number of mitoses per 1000 dividing cells in the different areas of the preparation, 


EXPERIMENTAL RESULTS 


We shall mainly give a description of the stages of development of all the varieties together, pointing out 
the special features of each, 


Before the beginning of cultivation the suspension consisted of round cells with round, light or darkly stained 
nuclei, Measurement with the ocular micrometer showed that the cells of the monkey's kidney were larger than 
those of the other three varieties, This suspension was nonhomogeneous. In the heart culture, for example, two 
types of cells were found: larger (cell diameter~144 , diameter of nucleus~9 ) and smaller (cell diameter~8 , 
diameter of nucleus~5 yt ), In some cells a picture of dying mitoses was observed, incapable of completion 
in the course of the preceding cultivation in the nutrient medium. 


Fig. 1. Cells of a culture of the kidney of Macacus rhesus, Stained with 
hematoxylin-eosin. Microphotograph. Magnification: ocular 7 x, objec- 
tive 20x. a) Ist day of cultivation; conversion of the round cells of the 
suspension into elongated cells with processes is seen; b) 3rd day of 
cultivation, 


Only 24 hours after the beginning of cultivation in fresh nutrient medium, considerable changes were ob- 
served in the shape of the cells (instead of round, they became elongated, and acquired processes), and pro= 
liferation of the cells led to an increase in their number, At first they formed small groups, and later, extensive 
films, covering the entire surface ofthe mica disk. At this stage it could be seen that the round cells of the sus= 
pension were converted immediately into elongated cells (Fig, 1, a). 


This process of “regeneration” followed an almost identical course in all the cultures, although certain 
differences were present between the different varieties as revealed by a difference in their biological proper- 
ties, in the intensity and means of their proliferation and so on, 
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Culture of kidney cells of Macacus rhesus, On the 2nd day of cultivation the total number of cells in- 
creased, and they became more varied: they developed a whole series of forms, reflecting a transition from the 
rounc cell to a large, flat cell with ill-defined edges, Full development of the culture took place on the 3rd= 
4th day. At this period the cells covered the mica disk with a continuous layer (see Fig. 1, b), Beginning with 
the 5th day the picture observed was one of breaking up of the films, appearance of large cells, differentiation 
and degeneration, These changes gradually increased in intensity, and on the 7th~-8th day the cells began to 
come away from the mica disk, In the period of growth the following categories of cells could be found in the ' 
kidney culture; 1) cells of the suspension not yet undergoing development; 2) cells (usually with a single pro= 
cess) starting to undergo development; 3) elongated cells with two processes, with clearly defined edges; these: 
forms evidently showed maximum activity and were most characteristic of the fully developed culture; 4) flay 
large cells with pale, oval or round nuclei, with ill-defined edges; 5) multinuclear cells of ordinary dimensions; 
6) giant cells, appearing in the middle and later periods of cultivation, In the cytoplasm of many cells, even at 
early stages of development, a large number of vacuoles was observed. 


Fig, 2, Cells of a culture of the kidney of Macacus rhesus on the 6th day of 
cultivation (a) and of a culture of the heart of Macacus cinomolgus on the 4th 
day of cultivation (b); in the center an irregular tripolar mitosis is seen, 
Stained with hematoxylin-eosin. Microphotograph, Magnification: ocular 
7X, objective 20x, 


Degeneration of the culture of kidney cells was expressed primarily by the appearance large, flat cells, 
sometimes with several nuclei (Fig, 2, a). 


Some of these were joined together to form structures enclosing empty spaces. A characteristic feature of 
the culture of kidney cells was the comparatively very small number of mitoses; the maximum mitotic activity 
on the 3rd=4th day did not exceed 30/1000, In this connection there arises the problem of the mode of pro= 
liferation of this culture, 


Distinctive features of the culture of kidney cells depending on its origin, The question of the relation- 


ship between the morphology and the trend of the changes in the culture of kidney cells and its past history 
was one which merited special attention, We studied cultures of kidney cells directly (a few hours) after 
removal of the organ and subsequent treatment with a 0,25-0,3% solution of trypsin in order to separate the 
cells from each other, and also subcultures obtained from the cultures grown for 6-7 days, cells of which were 
detached by means of a 0,25% solution of trypsin or a 0,02% solution of versene. 
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The cells taken from the animal body were slower to undergo development, but preserved their viability 
for a far longer period, The fall development of the culture taken from the body accordingly took place on the 
4th-5th day after the beginning of cultivation. The duration of life of these cultures, without changing the nu- 
trient medium, was also considerably longer than that of the cells of the subculture; even on the 13th day of 
cultivation a large number of relatively normal cells was observed, The mitotic activity was the same, irre= 
spective of the past history of the culture. Morphologically, considerable differences between the cells were 
found, depending on their origin. 


Culture of the heart cells of Macacus cinomolgus, Already on the first day of cultivation there appeared 


relatively large collections of up to 10 cells, In later stages of the investigation the number of cells increased 
sharply, and on the second day they covered the whole mica disk in a continuous film, These cells, too, could 
be subdivided into two groups during cultivation: small and lightly stained (cell diameter~31 4, diameter of 
nucleus ~26 #) and large, lightly stained cells (cell diameter~52, diameter of nucleus~35 1), In all the cells 
large nuclei were seen, as a rule with several nucleoli surrounded by lightly stained margins. Full development 
of the culture took place on the 3rd=5th day of cultivation, Beginning on the 5th day, in addition to the films 
of flat cells, cells with processes were encountered, forming reticular structures or surrounding round, empty 
spaces, Beginning on the 4th day an ever-increasing number of small cells with oxyphilic, granular cytoplasm 
and a compact, small nucleus, were seen, and were in various stages of degeneration, 


The mitotic activity was high even on the first day (49/1000), reaching still higher figures (70/ 1000) on 
the second day, and maintained at a high level until the end of cultivation (on the 7th day ~ 44/1000). Irregu- 


lar tri- and quadripolar mitoses, arrest of a proportion of the chromosomes at the metaphase stage and an 


irregular mutual arrangement of the daughter chromosomes in the anaphase (see Fig, 2b) were found here in 
greater number than in the culture of kidney cells, 


Culture of HeLa and Hep=2 cells, The cells of both cultures showed considerable morphological and 
functional resemblance. They proliferated intensively by mitosis and on only the 2nd=3rd day they covered the 
mica disk with a continuous film, The cells were polyhedral, often with irregular nuclei, forming processes, 
and with oxyphilic cytoplasm, The highest mitotic activity (up to 95/1000) was observed on the 3rd=4th day of 
cultivation, On the 6th-7th day it fell sharply, and in the HeLa culture it reached zero, At the same time 
morphological degeneration began, as shown by the appearance of reticular structures, pyknotic cells with oxy= 
philic cytoplasm and multinuclear giant cells, In both cultures many irregular mitoses were found, 


The distinctive features of the cultures of the different varieties of cells were shown by a study of their 
mitotic activity. This mainly agreed with the intensity of the increase in the number of cells counted by 
means of the Goryaev counting chamber (Fig, 3), The differences which were found in the peak periods (of 24 
hours) were evidently associated with the fact thatin the second case an indication was given of the density of 
distribution of cells in the culture, i.e., the end result of previous proliferation, 


As can be seen from Fig, 3, the culture of kidney cells was distinguished by its comparatively low mitotic 
activity. At the same time numerous pattems of nuclear structure were observed in this culture, which could 
be interpreted as different forms of amitotic division (typical amitosis, budding and fragmentation of the 
nucleus). The fact that this culture proliferated mainly by amitotic division was shown by the comparatively 
large number of amitoses present (60/1000), which remained constant throughout the whole period of cultivation, 


We consider that these findings are of very great theoretical importance, It may now be regarded as 
established that amitoses are a physiological method of cell proliferation [1, 2], So far as we know, however, 
there are no reports in the literature of the importance of amitotic methods of division in the proliferation of 
tissue culture cells, 


The three remaining cultures investigated showed high mitotic activity, although there were some 
characteristic differences in its trend, as shown in Fig, 3, 


Cytological study showed the special feature of the heart culture, The high intensity of proliferation of 
the cells of this culture must be associated with the possibility of its spontaneous malignant change, similar to 
that described for some normal tissue cultures [4, 5, 8]. 


On the other hand, the heart culture differed from cultures of malignant cells in several respects; the 
lower intensity and characteristic trend of its mitotic activity and the more regular, round shape of its nuclei, 
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Kidney of Macacus Heart of Macacus HeLa Hep-2 
rhesus cinomolgus 


Fig. 3. Graph showing the trends of growth and mitotic activity of 
cells of four varieties of tissue culture during 7 days of cultivation. 


The small number of irregular mitoses in this culture could not be regarded as evidence in support of its malig- 
nant change, since in the kidney culture also, which was known to be normal, a variety of irregular forms was 
found among a small number of mitoses. The solution of the important problem of the future prospects of using 
heart cultures for virological purposes must await special and comprehensive investigation, 


SUMMARY 


The authors studied the morphology of the following cells: renal cells of Macacus rhesus,cardiac cells of 
Macacus cinomolgus, and of different lines of malignant HeLa and Hep cells, All these cells were cultured on 
mica films in the liquid nutrient medium, Although the dynamics of the cytological changes of the cultures 
were similar, each one of them had certain growth peculiarities reflected in the curves of mitotic activity, In 
122 experiments this activity in the renal cells was low, Evidently, the cellular reproduction here occurs by 
amitosis, Irregular mitoses are encountered in all four cultures as a manifestation of intensive cellular reproduc- 
tion, The growth dynamics and morphology of the renal culture vary depending onthe cells originating directly 
from the body or from a subculture. The culture of a cinomolgus heart differs by a number of signs (dynamics 
of mitotic activity, the shape of the nuclei) from the cultures of malignant cells, with which it has certain 
morphological similarities. 
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